JP,2004-531 125,A [CLAIMS] 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 



1/5 
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precisely. 
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CLAIMS 



[Claim(s)] 
[Claim 1] 

It is the approach of making the sound field which consist of two or more sound channels using 
the array of an output transducer. 

The step which is a step which chooses the 1 st delay value about each output converter, and 
chooses said 1 st delay value according to the location in said array of each of said converter for 
every channel, 

The step which is a step which chooses the 2nd delay value for every channel, and chooses said 
2nd delay value from said array according to the anticipation travelling distance of the acoustic 
wave of the channel concerned to a listener, 

The step which delays only the value which has the 1 st component which is the step which 
obtains the duplicate which delayed the signal showing each channel about each output 
transducer, and consists each delay duplicate of said 1st delay value, and the 2nd component 
which consists of said 2nd delay value, 
since — the approach of changing. 
[Claim 2] 

The approach give said 2nd delay to said signal and only said each 1st delay value subsequently 
delays each duplicate before reproducing each signal showing said channel in an approach 
according to claim 1 or 2. 
[Claim 3] 

Said 1 st delay value is an approach chosen according to a given direction so that each sound 
channel may be sent out in each direction in an approach according to claim 1 or 2. 
[Claim 4] 

How to send out each channel in each different direction in an approach according to claim 3. 
[Claim 5] 

How to perform selection of said 2nd delay value in an approach given in any 1 term of the 
above-mentioned claim so that the part to which all sound channels are equivalent may reach 
said listener simultaneously substantially. 
[Claim 6] 

It is equipment which makes sound field, 

Two or more inputs for two or more signals of each showing a different sound channel, 
The array of an output converter, 

each output converter — being related — each — the duplicate means constituted so that the 
duplicate of each input signal might be obtained, 

A 1 st delay means by which only each 1 st delay value chosen according to the location in said 
array of each of said output converter was constituted so that each duplicate of each signal 
might be delayed, 

A 2nd delay means by which only the 2nd delay value chosen from said array for every channel 
according to the anticipation travelling distance of the acoustic wave of the channel concerned 
to a listener was constituted so that each duplicate of each signal might be delayed, 
since — the equipment which changes. 
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[Claim 7] 

Equipment with which said 2nd delay means is constituted in equipment according to claim 6 so 
that said input signal may be delayed before a duplicate is created by said duplicate means. 
[Claim 8] 

It is equipment chosen even if it responds in the given direction so that said 1 st delay value may 
send out each sound channel in said each direction in equipment according to claim 6 or 7. 
[Claim 9] 

Equipment which sends out each channel in the different direction in equipment according to 
claim 8. 
[Claim 10] 

Equipment with which said 2nd delay means is constituted in equipment given in claim 6 thru/or 
any 1 term of 9 so that all sound channels may reach a listener simultaneously substantially, and 
said 2nd delay may be chosen for every channel. 
[Claim 11] 

It is the approach of making the sound field which consist of a central channel and at least one 
surround sound channel, and sending out said at least one surround sound channel in the 
predetermined direction using the array of an output transducer. 

The step which is a step which chooses the 1 st delay value about each output converter, 
chooses said 1 st delay value to said at least one surround sound channel according to the 
location in said array of each of said converter, and sends out said channel in said predetermined 
direction. 

The step which is a step which chooses the 2nd delay value to said central channel, and chooses 
said 2nd delay value from said array according to the anticipation travelling distance of the 
acoustic wave of said channel to a listener. 

The step which delays only said 1 st delay value which is the step which obtains the duplicate 
which delayed the signal showing said at least one surround sound channel about each output 
transducer, and calculated each delay duplicate about an output transducer and the channel 
concerned concerned. 

The step from which it is the step which obtains the duplicate which delayed the signal showing 
said central channel about each output transducer, and only said 2nd delay value delays each 
delay duplicate, 

The step which outputs said delay duplicate using the array of said output converter, 
since — the approach of changing. 
[Claim 12] 

an approach according to claim 11 — it is — further 

To said central channel, it is the step which chooses the 1st delay value about each output 
converter, said 1 st delay value is chosen according to the location in said array of each of said 
converter, and the step which sends out said central channel in the predetermined direction is 
included. 

The step which obtains the duplicate which delayed the signal with which said central channel is 
expressed about each output transducer is , 

The step from which only said 1 st delay value calculated about said each output transducer and 
the central channel concerned delays each duplicate showing said central channel of said signal 
is included. 
Approach. 

[Claim 13] 

The duplicate of said signal which expresses said central channel in an approach according to 
claim 1 1 is the approach that do not make it delayed by values other than said 2nd delay value, 
but said 2nd delay value is the same about each duplicate of said signal. 
[Claim 14] 

an approach given in claim 1 1 thru/or any 1 term of 13 — it is — further 
To said at least one surround sound channel, it is the step which chooses the 2nd delay value 
about each output converter, and the step which chooses said 2nd delay value from said array 
according to the anticipation travelling distance of the acoustic wave of said channel to a 
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listener is included, 

Said step which the signal showing said at least one surround sound channel is delayed about 
each output transducer, and obtains a duplicate is . 

The step from which only said 2nd delay value calculated about said each output transducer and 
said at least one surround sound channel delays each duplicate showing said at least one 
surround sound channel of said signal is included, 
Approach. 
[Claim 15] 

How to give said 2nd delay to each signal showing said central channel in an approach given in 
claim 1 1 thru/or any 1 term of 1 4 before reproducing said signal. 
[Claim 16] 

The approach said sound field are equipped with two surround sound channels; and send out 
each surround sound channel in the different direction in an approach given in claim 1 1 thru/or 
any 1 term of 1 5. 
[Claim 17] 

How to perform selection of said 2nd delay value in an approach given in claim 1 1 thru/or any 1 
term of 1 6 so that the part to which all sound channels are equivalent may reach a listener 
simultaneously substantially. 
[Claim 18] 

How to output by said each output converter in an approach given in claim 1 1 thru/or any 1 
term of 1 7, after adding said delay duplicate of said signal showing said at least one surround 
sound channel to each delay duplicate of said signal showing said central channel. 
[Claim 19] 

How to rebound the acoustic wave of said at least one surround sound channel on a front face 
like a wall in an approach given in claim 11 thru/or any 1 term of 18 before reaching a listener. 
[Claim 20] 

It is equipment which makes sound field, 

A means to receive two or more input signals showing at least one surround sound channel and 
central channel. 

The array of an output converter, 

The duplicate means constituted so that the duplicate of said signal showing said at least one 
surround sound channel and the duplicate showing a central channel of said signal might be 
obtained about each output transducer, 

The 1 st delay means constituted so that only each 1 st delay value which chose each duplicate 
showing said at least one surround sound channel of said signal according to the location in said 
array of each of said converter might be delayed and said channel might be sent out in th<3 
predetermined direction. 

The 2nd delay means constituted so that only the 2nd delay value which chose each duplicate 
showing said central channel of said signal from said array according to the prediction travelling 
distance of the acoustic wave of said channel to a listener might be delayed, 
Preparation ****** equipment. 
[Claim 21] 

Equipment which only each 1st delay value as which said 1st delay means chose each duplicate 
showing said central channel of said signal further in equipment according to claim 20 according 
to the location in said array of each of said converter is delayed, and is constituted so that said 
central channel may be sent out in the predetermined direction. 
[Claim 22] 

Equipment constituted so that only each 2nd delay value as which said 2nd delay means chose 
each duplicate showing said at least one surround sound channel of said signal from said array 
further in equipment according to claim 20 or 21 according to the anticipation travelling distance 
of the acoustic wave of said channel to a listener may be delayed. 
[Claim 23] 

Equipment constituted in equipment given in claim 20 thru/or any 1 term of 22 so that said input 
signal may be delayed before said 2nd delay means reproduces with said duplicate means. 
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[Claim 24] 

Equipment which said sound field equip claim 20 thru/or any 1 term of 23 with two surround 
sound channels in the equipment of a publication, and is constituted so that it may be made to 
send out in the direction in which said 1 st delay means differ each surround sound channel. 
[Claim 25] 

Equipment constituted so that all sound channels may reach a listener simultaneously 
substantially and said 2nd delay means may choose said 2nd delay to said channel in equipment 
given in claim 20 thru/or any 1 term given in 24. 
[Claim 26] 

Equipment said 1st delay means and said whose 2nd delay means are the same physical means 
in equipment given in claim 20 thru/or any 1 term of 25. 
[Claim 27] 

It sets to equipment given in an approach given in claim 1 1 thru/or any 1 term of 1 9 or claim 20 
thru/or any 1 term of 26, and is class-BD about said output converter. The approach or 
equipment which carries out a direct drive with PWM amplifier. 
[Claim 28] 

It is the approach of reproducing the sound contents which perform time matching between an 
image and a sound in an audio-visual presentation, and consist of two or more channels using 
the array of an output transducer, 

The step from which only each audio delay value delays the duplicate showing a sound channel 
of each signal about each output transducer, 

The step from which only the video delay value calculated so that a video image might be 

displayed when [ substantial ] the sound channel which corresponds in time reached a listener 

delays a video signal, 

since — the approach of changing. 

[Claim 29] 

How to calculate each audio delay value in an approach according to claim 28 according to the 
location in said array of each of said converter. 
[Claim 30] 

How to calculate each audio delay value further in an approach according to claim 29 according 
to the anticipation travelling distance of the acoustic wave of said channel from said array to a 
listener. 
[Claim 31] 

The approach the part which corresponds in time [ each sound channel ] calculates each audio 
delay value in an approach according to claim 30 so that a listener may be reached 
simultaneously substantially. 
[Claim 32] 

How to calculate said video delay value in an approach given in claim 28 thru/or any 1 term of 
31, so that it may have a component with a sound channel equal to the time amount taken to 
spread between said array and said listener with the longest distance that spreads between said 
array and said listener. 
[Claim 33] 

In an audio-visual presentation, it is equipment which performs time matching between an image 
and two or more sound channels, 
The array of an output converter, 

The duplicate and delay means which were constituted so that the duplicate which delayed each 

signal showing a sound channel might be obtained about each output transducer, 

A video delay means by which only the video delay value calculated so that a video image might 

be displayed when [ substantial ] the sound channel which corresponds in time reached a 

listener was constituted so that a video signal might be delayed, 

Preparation ****** equipment. 

[Claim 34] 

It is equipment constituted so that each audio delay value may be calculated according to a 
location [ in / on equipment according to claim 33 and / in said duplicate and a delay means / 
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said array of each of said transducer ]. 
[Claim 35] 

Said duplicate and a delay means are equipment constituted so that each audio delay value may 
be further calculated in equipment according to claim 34 according to the anticipation travelling 
distance of the acoustic wave of the channel concerned from said array to a listener. 
[Claim 36] 

Said duplicate and a delay means are equipment constituted so that the part which corresponds 
in time [ each sound channel ] in equipment according to claim 35 may reach a listener 
simultaneously substantially, and each audio delay value may be calculated. 
[Claim 37] 

Equipment constituted in equipment given in claim 33 thru/ or any 1 term of 36 so that a sound 
channel with the longest distance in which said video delay means spreads between said array 
and said listener may become equal to the time amount taken to spread between said array and 
said listener, and said video delay value may be calculated. 
[Claim 38] 

It is the approach of making the sound field which consist of two or more sound channels using 
the array of an output transducer, 
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ta^oflifien, i)-'y>\ii)^7\^^<om:^\z7i^mzmx^^w-m\z±\zm^-r^(D-i!. mz^mx^?), $>^m-\<om'i> 
tt. m^(D^»mm&\'^vim-v3b^zt\z^':>Tm^-^n. nsj^m^. Tu-(\^(D^wiiom»mizj:^xm^^ti 

to 0 2 3] 

e-A=^mm^it^t\>^'5mwnzmK>mtfo 

to 0 2 4] 

^it\^^mm\z^^xnB.m^'>i. fiiimRHm^ftimmm<Dm:»^ft\m:^(r>^miiLmiz:^i^xmu^m^'^m^ 

■lir?) (focussed) Xy^yyt. 

-;fJ7.{4{t (focus position) t'lSi;Ta«^U/t-^n-€^n(7)iIM*;^ttjl31Si3rTjiMm8i«r#T, ««[i3^^^;KD 
[0 0 2 5] 

MIC, *^Bj(D^ 6 Otitic J;n«, ^tl^~ncD5^-^^;P*«-rtg|S:OA;t/«^*^, ^Kl^KDS^Sr-S^n-etlODfeS 

t)-^imm-r^^^izmt:>ii:^mmi)mm^n. mmmit. 
mm^m^m<D^^ iz^»^^mKmmti\mmmt. 
mm^m&mA^^mnr^mir^ (distal) iiiti^m^(D7u-f 

^^sisireauT, ^A:>7M^o*trf3^ti^'n©att«88<£^ffL, mtimn^i^T?>j;:^izm^-^ti^UDWm^ 
t. 

mmmtimn^mm'tn^tKD^mmzmtiiL. mm^^^jvo^m^'^mxtuzmhx. mimy^-ti7.&:m\z[^ 
ifxmmr?>^oizvrc^mt^mAx^^^o 

to 0 2 6] 

:^mm(Df^6(Dmmiz^-DX. s.^m^^mm<Dm:^^ft\tm:^\zm.ii-^ntzmM&m\z!t-]^x. ssv^t'-AS^ti 

to 0 2 7] 

'^7>h**sj^ffi*fc;i^^$n^«0TSftfp#{r$ij^$-e-^ (7^'-hv\'7i7(c:j;^T) iS.mmu:^m^^7ktb<^nx\^^ 
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(14) 

CO 0 2 8 ] 
[0 0 2 9] 

D 

[0 0 3 0] 

"I^O If • * >t ^ t , 

icMtafx:^ • *;A^wHgii6S:|$iltS (point) tr-rs^St&«I^Tli*. 
[0 0 3 1 ] 

[0 0 3 2] 

-^\z. *fgB^H. ^;^7c7KHE?'iSn«|gccDSMMlZ:«-«cSnfc^fe«^#»^»^ (sonic electroacousti 
c transducers : SET) Srffl;^, S->«rj&iA;t»m^4i'iBS*^LTrai;5'^' v^d^JPm^X^fcSIStStiTiJD, ^SE 

;i^:fcffll^3oTVi5a^<D"5J«H4, j3j:yf*ISt»*bVi^}^«, J!^TroSa«35^e.^T5inj:5. 
[0 0 3 3] 

SETtl. ^K{'7>yA(rffiSSn«j;Cit)^ ¥®^;ttifflffi (Sffi) (a plane or curved surface (a Surface 

)) \H\zw^mt^:^f)m^L\,^o iinsn, 2-oin±0mm-r^-^'y7u-i-m'^iz^mt^2-=>&,± 

$>^mm (Surface) rtlr^si^T. TV-f $«^-r^ S E Tti, S^V^PslfiSTia^tlTV^^ ;ii*W*U< . T>7^:^• 
7n~^^±1^^^±lzmrzVr^^^Zt:immmT$,^o ;in«, lll^©8(rSRJ^©SETT«#^SIIfi*)T$.^;^^* 

T/'^--^^'^m\zmiri>iS.U^n^zff)'i-n^o C(D«^, SET(Dii^;^< ii-fc i-s>cojitn*ffi ( 
Surface) ^!>;S< ife l r3©gijcDZ:cDck3;^«® (Surface) cD^^t'HSU. lfrJ6<DS:^ti&^:&<D7i/'-1' 

{t-5SET{i, m:^<D (mw<D) Tu-ciz^if^^^^y^mizMLM-r^, 

[0 0 3 4] 
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(15) 

Z>\Z, ^m<Dmf3i?>SET^^mm\zM'^itL. «^SET (CSET) SJ^J^gf -S^ltd^T^, «|/r©SETT« 

>5? t pJIg^JS A ^ J® S E T **^fb-B-f . f^fc 0 T k-r ±^ i bT 
«lf^:^tr«'5 J;5lCSETrBll;:+5i-^^^tSr3#fc-t±T, TKtt^tcmSLSIt^ilitjTtS. 
[0 0 3 5] 

JiiJL^CSETCDfirSlCtPViTa-Si-rsJ©^, :i(Dfi[gliCSET^#:i:UT©*'i:.s BP*.. C S E T ^ifilj^-T-SiH^ 

o s E T^T<Dfi-i>T$)* ta^-r S t 5>. 

[0 0 3 6] 

*® (Surface) f^rtt, SET*fc«CSET (I^A^, 2 ■^$r*{r S ETT^-f ^1 1 (^t"^) omm. Bp-fe- TP-T 
[0 0 3 7] 

ie5.3iT«;^!:Vi*J, S-SET«> ^*e?J{r*{r*f (^ft\t^m) -r^CiJJS-r^S^^PilfeSlCiiViT, iI>75:<<!:fe¥«T 
[0 0 3 8] 

nIffiTafe-5„ ^^>}^X\£-ti\t. l^T^h-y^^mtkH^ (pistonic acoustic radiator) t LT^enTt/^^Ji 
(^^^CQ^'W 7 v-S-A&tfX h>f' jcoT^ijj^U-g)) i:-r-2)iJ:<. ^CDJ;'5/i:«^. <Bi^® S ETCQtf;^ h 

[0 0 3 9] 

T <DW-m\Z^n^ S E T<DmIia^feH^7 K C0^«:6g rf^t. 7 l^-f >l3:^# < f^fflT S C t 

Vi, Lfc;&^'oT. 3 0 OHzieS(DiSl^^^ic^f6WBp-fel*[ajT^-5^tJ5^a*Lt^«^. 7 I^-f • -tJ-^f SIIbJ 
*fe«l8*f*ig*$n5$iBC*H.Tift:i|0;^lRlT, d!>;5:< i t> c s /3 0 0 = 1 . 1 ^- ( c s ti^ji"^*^ 
) t-rsickV^, 
[0 0 4 0] 

i^<Dmwimt7i-a^mmzji:^rmm-t^^tti'ix^^iiK zti^^y"^ i^^)imtimm^xmw}ir^z.ti!)mh 

^tiyi7. ti^zSizy'^i^i^jv (PCM) m^^tz\i7i-u^fm^(D\^^ 
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(16) 

[0 0 4 1 ] 

Srniiib. Lfzi)^'^TmtimW}^m^i^mz^<f^^t-f}^-c^?)o mz. %i:cDPi«i=i'f;vs^#^mign**« 

[0 0 4 2] 
[0 0 4 3] 

Jitili. A:'7<75&^S, i':>&,±.<DX^m^^m^^^\^xs^T(r>^^\z^m.t^:Lt\z^'DX^^h^\^. Sfe 
A:'3m^*^-<7)^i-gBSlittiS^b, :i©*-<D^j-BBS!5^. S'Ei:<D^^\zn\^xmm<D^:n^^ir^ ( 

mm^^\'^m(Dl•z>^(DSEl:^(Dm:fJh^A^'^t>'&■fs.nt^\t13.^•r. '^^^n^m^\z-^\z»iE^nom\z. jmiF 

[0 0 4 4] 

A;^«^li, DPAA;!)t^aTi.-!J-':7>K*;fctl1tl&<D-y-<:?>h*$«-rit?tA±<Dx^>'5';Wft^ (Xtim^) i£S 
56?8ro->X7^AH. loe^Jl©T:^^y/5^^ viS^Jl^^MSg (ADC) ^^tS^tt^X^. Zt\^<D^^^n^7-)- 

u^xfj^"^ iT-ru^x^) txts(r>\-:)L<Dm\z^^m-t^:Lt\zi:.^x. :Ln^^^7'ru^m%mn<D^mv' 
i &wi-2>= bfd^^^T. DPAAjHmziii^x\t, xt)sxwx\t. mm-^tL^mn\t. i^Ffl-y->:/;w$nfc«^^b 

[0 0 4 5] 

*36WODPAA«, ^i'KSS^ia^ii^T^3 0> :iti*«A:^ft^S1iEiEbfe^fr, ^SETizWiti^-r^^Ltiz^K), 
BfacDjg|fi]ttS!im5:5tfigbTV^?)„ ^^-SB^ti. x^- • xAM X. ^^ctiV7 h-^rxT (piece of software) T 

feo, i-D(Dxti^^zs^^(Diiit)^tr^o DPAA0xtlm^<Dl-D^t. ^oxii^zm^-^n^o zmt, se 

Tm\Zl-D<Dthtl^mt^:ittm^\^<. aB-5t>(3:, l •::>CD£il;^/^#tfc(DS ETS)5:ttC S ETCDXU-^> hT^^ 
Wr-5::i:75tT*-5. ^J-SBSIi. Xtimmz^i¥m\Z^f3i^fS^jE^n-:>rc'h<D&^(Diiitl<D^^lzm?>, i^iEtt. s 
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SDM) . mmmm^sc (acm) , * J:t^?rwfisx-c • y^jv^ (adf) fcj;^Tff5tJ:<. 3:ne.tt 

[0 0 4 6] 

«^)I5E^S (SDM) tt. -:>:5';i'{§^ii#ig|jtMx^^>h-e*5. m-(7)^g^ft^S*E^«[S!c» 

[0 0 4 7] 

mm'o'c^m-r^(o\zm-r^t^f^Tctmns.^rz\t^n&,±tu^^5\zmn-r^zti>m^vi\ z.zx\ Tc 

[0 0 4 8] 

mmm'^^^ (ACM) Jt, -et*-AJ^#t^iE (gross beam shape modification) ©Bfi^T, ^^^f v'3';Hii|B$iJWl 
^©ibT^ig-rixhllS'&^s^V^o einn, ii<iS*;tH529S«jS (alternator) <&liAnW, mijm^<D±^-^i: 

m±^rz\twp-r^z.tA^T^^. sDutmm. K:>jysET(Dm.^^t)'t±m\z-sjmmAcm^$,^:itmj^v 

izMhx. ^>(>\^<ymik^mi^^zt\zj^^x. M^n-r^bj^^izm^r^^^mf^v^^^ :itnt. ii^xmm^ 
ftui!)^-^±if^^mm<Dj:^f3i^M<D^m\ziit:-cr. ^mijm^(D:K^-$^iEm<\:-r^ztiz^-DXfT5tm-^:^^ji: 
vi„ z(D^3\z. ±^m\z\i. 7i'-((D'p^mz$,^sET\z^Ti^n^iiitimmt±t:ri^m=s:^»^\^^f)^. r 

[0 0 4 9] 

\y^>h^m^^x^n^(Dy>()v^^mMv. ie;^S/feit^^B'J«-r^J;5{cLTfej;ii, ^©^feTii. dpaa;!* 
mn^-xDmm^. ^m^(Dmwitvxnoz.tii^nimtti.K). mi3.^mm(mmziQ\,^xmm\z. dpaa^w 
n^-y(Dim^mi^^^z.tm'nmizn.^ (:in«, DPAA^s*fB:«<DiS^fi®-y--fX, Li^i^soT-^-cDjti^ttyis 
, m<n^ux\t.mm'im.a:>m^tft^<Dx. ^mx^^) . mt.\^x. «ffl7bJ^;^«2mcDDPAATH. ^<d^ 
mm^tivv^y m\^^<Drztb) \bonzm.i$Lmmxhx>, Kf^(DMx\t. ^KDj^^u^m^^c^^^yyv^ 
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(18) 

[0 0 5 0] 

[0 0 5 1 ] 

(CICT, HB(DA:^1«#'«riN<H<OSET©#-* troRIT, I = 1~I, n=l~NT*S) S«-ifi*.-&t3-e-ffi{C 

mn^mm-^^^itmzxt. 'f^i^3')v-^>^^}>ff'U-}-^^^ (dsro ^m\'^^Bmt^^x)%^^t^ 

[0 0 5 2] 

DPAA->;^xAH, h^fm^mxx (jmm\z\t. DPAAC)igiRK«i*9®f::7i^*^e.) DPAAm^isiKta 

^SSSSfcUfS^l^ai, &5iili^<Dflfi©<Brf.d^(0'7-f-V^::^fifeiBlcJ:oT) , DPAA©±g«tl^T 

T¥»*jw*«fT^5iaiHfe(ffli^« (■?«) <i:^{cfflViTt)j;Vi. ^<Diiofs.z^7.y'j^\%. &.i=<Dmm^m^i>^ti)^ 

[0 0 5 3] 

2-:?£^±cDz:©j:o;a:DPAASrfflSj^i^b. ::tie.o4S[Myi:$'->, ^ne)©*^^ 43j;a^^:ne,<D*:ji{l:^)«S; 

ifiib'oX'hii^^, 

[0 0 5 4] 

[f8WS'*JSr«.^*©«fi©J^J8] 
[0 0 5 5] 
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(19) 

#2). f^. ^ISl'tt, y'^'J^Am^-fnty-^ (DSP) */tf±iafflV'ri7n:/n-fe-;-y-$fflViT, m^mmT.y' 
[0 0 5 6] 

ztii^. mmmiz^ikcDsm^'^^'^^t. mm^mmzts.KiMw.f)mmtf3.^i)^ibx$,'t. 

Co 0 5 7] 

^^m<r>^n^n<Dmm\z-D\,^xm.mr^m\z. ^ti^n(DtSim<D\,^rn\zm\:'ttmm\zhmvitmm(Dmmmm\z 

[0 0 5 8] 

mi<Dzfti^:/i7m\t. mmfSiDPAA^^-r, xijmn (i o d n^fum (102) tc^ji&sn, (®t 

«6-D) CDai;'j*t. #>!r, :f:f>'3y(Dmmm (103) S':frbTffl;^SET (10 4) CSigg-r^. ttl;fjSETtt 

, mmmiz-:k7vTu-c (105) &j^fig-r?)<t5{rE^j$nTi'^5o ^mmtt. ^sE^^zm^tl^m^^»lEl' 

o 

[0 0 5 9] 

0 2tt, 2-D<DKtim^ (5 0 1. 5 0 2) *5a;DC3-:iO^)-SBSi (5 0 3~ 5 0 5) ^^-r^DP AASr^pf . 5^-12 
|g5 0 3ttm#5 0 1 ^maU, -;^5 0 4fej;tK5 0 5S^*SA:^<i^5 0 2&^a-r?>. ^SET\Zl^xrz^» 
^m^^<DmMt. ttJlfSg (5 0 6) HJ^oTinlfStl, lifiSl O SSr^n-UXSET l O 4l3^-r*. 
[0 0 6 0] 

03H. 5)-SB^roi:>:!i^-^>'hSr*-r. ZtiU. AtlM^t)^P>^^m-(DAtimn (10 1) #SET^/cH 
SBTm\zi'0'r-:>o:)grm(Dthij (8 0 2) iS-W-r^o A:^;*^e.ai;'jcD#>!r*-coill?§Ctt, SDM (8 0 3) 43 
^X^/^ft\tADF (8 0 4) :feJ;t/f/*fefiACM (8 0 5) ^S-^SnS. ^«^igKt;:*V^TfT*:>nS#EiE*«l^ 
ilTafetl«. -B^^^i-fJ-rSt-ffC^acTDSDM^ ADF*3j;C>V*fcttACM (8 0 6~8 0 8) ^^tiZtiZjz-D 

X. ^vMm^\z^m^^mmr^zt^^x^^. ^^j-iBScDgBscQ^/^wA-^^-^^. :i-if^rzit^wimm<D 

[0 0 6 1] 

^ (10 0 1) it. DAc (1 0 0 2) , ti^z^^zTi^B xDmn/^mumAt) (1 0 0 4) ^mA.rzmmnt)m 

(1 0 0 3) ^iiig-r^o mi]\t. SET*:fcHSET«f (1 0 0 5) le:2le.tlS. 2-Z><DSETy4-\^ (SE 
T feeds) iroi,iT^J^Lfc«^<D»®/S«B£Tti, Xti (1 0 0 6) \ff::fi^a><Dm^m'^mmmX:fj (global 

volume control input) (1 0 0 8) ^mxtzv'^ Vii')im^m (1 0 0 7) izm^m^n^, n^&i^mmmxti 
\t. iiit)mmm^\zn't^mmtLxtymm-r^:iti)^x^mmx$>^. mwim^m^y"^ i^ii'jimmm<Dmtnzit 

, SET (1 0 0 5) l3^t-?>Mfc, T:^^^^OD- • /IX • (1 0 0 9) S'ii-riVi'5S*?JKfeafe5, 

[0 0 6 2] 

m5\t. SOCODPAA (140 1) <DmS.mn^^-to A;^ (1 40 2) . 
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Xf}^^ (1 4 0 3) 43J;t/$iJffll->XxA (1 4 0 4) \t. 30©PDAA^Tlr J;-:>T**:5tl^o A:^lHJSS*5=fc 

e 

[0 0 6 3] 

Ei6*Jj;i;f0 7A;5:Vib0 7DOgStt, 0 1 Id^-T-jKM^^flljS^WTS, 06tt, »*LV^^J-ES (10 2) 2: 
CO 0 6 4] 

0 6*^e.t):«i^i>J:-5lC. A:^»ffi^ (10 1) AiJ^^ (15 14) frJ;oT. UT^'J^-^' (1 5 04) izmHi 
Sn^. (1 5 04) Ji. A:'3m#?&WSliII»3tr-b, llC«^S«f[f20f^»<Dffi:fjSgT (15 18 

) tc«i^i-?.«ig^*-r^. xtim^(7^^mm\t. mu^^iEr^^wi. (i soe) tc#^*&$tas„ m^smz 
, «^^»iEt-«#® (1 5 0 6) tt, m^mm^m (i 5 o s) . mmmm^'m (i 5 1 o) , a^upimmy'^ 

z^^Jl- (15 2) «:^tr. LA^hl^A^^. mUSmm^m (15 10) itmwiz:f:f'>3>rs>^zt 

saiBLT*<o M\z. mn'Mmmm (1 5 0 s) a^zs-^mm'r^i^iS'ji' y^)i^ (1512) ©-7&sfe««fi 

■^h. ijDi^v^T=bj;v^o mm^miE-r^^^ (isoe) (D*t)S*eg^fii«gn, a^swTtiSTisms^^T 

S;^S«felj-gM$itT«*&1-^C<!:T*^, iHij^miS (104) 7i5A;b{t^ (10 1) ^#>!r icilM^ ^Tffi;^ 

iim^f (15 16) ^i^hxi^mm (102) *ie.ffl:^sn«. 

[0 0 6 5] 

mti^-<tz^^\z. (1 5 0 8) 43 J;l>'/*^cti*^Ii«i57^^' v^)P • (15 12) (rJ;o 

[0 0 6 6] 
^1<0^^ 

0 7AtrfBlCDW««:*-r. 

a^©{tS:fj^«|^ (10 4) *ie>fiKSTK (10 5) i&¥Si0T^-r. a^bfc^doJiifcHTir. SiJ®{fi:^ig«l 
CO 0 6 7] 

m^<DmWMm^WL (SOS) HJ:-pT^1gfi{3#;^6nfej5M«> I^Dfi, 0 (0^roj:'5J5:¥®rW 

<D«^) , (ttffic;?^-^) tr^^Sti-5« ^ti{cJ:oT, A:'7ffi# (lOi) 

1}-':7>H(D:*c**ni¥fi=;^ rh*-Aj dtiH, 71/-f (10 5) {c¥ff /^iSJSF ^^-T-S. tf-Aco 

:;^iig (mm\zmm irisit^ifeWti. feU^yO^icssv^Tit, -jki-h r-y-^r h • n-::rj t*^. Ti^-f 

(10 5) tt, ?t«©-y-'?>h*^«»C*5ViTl«S*fcJl|!cagS©!|*iaWieBa (extent) S:%-r?.<h(K)5-r-&. 21 

CO 0 6 8] 

ibf^^-KH, -mz. (105) *«*W3:*:«fe«e*07^?h'Xtr-:«3S:««|-r*ioi:#;itT'bJ:Vi. 7 

l-Y (1 0 5) C0<B>5r©^»§§ (1 04) H> ikTI^^BTSif^L, (D^PStr^t bTSit^*ffi:M t'- 

CO 0 6 9] 
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(21) 

jiciTii. m^mm^m (i so s) ^it^t-^mmy'^i^^ji" y^}v^ (1512) \z^-Dx^mn\z^xiE>n^ 
mmit. TK(o«ffis«i«€.$»?»jSiRsnfe;5iBit3^«is (104) ^•T!j^Wimizmmi!)^m:kri^^iz. 

-a-TV5>?)o z:n*0 7 Btr^f, a^irrom^A^^ti^ncDm^^^fts (104) \zmm-^n^mtz:itiibiz^^'in 

[0 0 7 0] 

Lfttt-DX. ^mfs (10 4 a) \zmiii^n^mmz\imwmz'imiiu< . ;icDfc*Tw*^f.aii*-r«««!j®€ 
ntu^o SEjjis (104b) n«msti5m^f'«/h$viiiM>i«-^;ie.ns<7)-r, ::(^ft^«2sat7H'*^s 
mm-r^o ^sisg (1 04c, 1 0 4d, 1 0 4e^) iz^AiE>ti^mMiimmmizmiz-t^<Dx. Rs^-r-s^sis 
CD ai w ties© jSm*^* § . 

[0 0 7 1] 

■^n^^t. z.zTii. m^^<brirz?^m^mmm±mizit-i^tzmmi\^-Ai)tf^m^ys.-tztf)mm.-r^o im^z^b-^ 
^mm (tn«Tc. n) n'it. t'-A©:&(fi]ii, Tu-f (10 5) }c*n^Tts«it32u, mm^xt<r^t ( 

max t n) ~Tc. *®Jc:?*LT«tSSi»:&l6]t)^S iolr^K t*tT#2>. 
[0 0 7 2] 

T^iftfflFSfl^^-r?>J;^{I®M^S*^-r^::i:lCj;t3T. ^ifeSr^^i"^ (focussing) :i tfj: < mHit ^ ti)^X 
[0 0 7 3] 

^i'R^iri; -^TT ix-r (Dm^Hmz^m-t^ s e T{r^;i e,n^{i^coii*g* (t i^^f (Dfp^L-'Mmiz$>^s e Tfc# 

A5.n^S<il::^-hbT) *g/h-r^;itliJ;oT, i!jWA°5'->fri5ttS-y-'f K • n-:/ (*Kc07l--'r • Xfcj; 
[0 0 7 4] 

W-^SM^S (1 5 0 8) ^^Z^y^rz\mmj'4i^i^)l ■ y^)V^ (1512) {Cj;oT#ASta^«^ilM^« 
*?-r§l?g. SMSET (10 4) *^SDPAAW^CQSrB^(:::teViTaS?bfcii.^^*TC0-!J-':7>Kej|gll#ffi(xJIM*Jig 
^TCDS ETfC*fbTrai;ffi{c:;5:5J:5{C-r5<!:, filJ"^, \iM]mm<D^^ffyi^(D=^mmW!kmz:^ 
Vixraffl-y-"^ > K t LTSJj^f -5 J; ^ tr-r s D p A A t3-5-o<i^(P {r^JViTif'^' > K ^^^Sit^ J; {r-r -5 31 1 
*^T#?>„ ^n*07Cfc^f, 
[0 0 7 5] 

0 7C;i5^?>t)*^5J:5Jr. 2:<7)«-&t)ffl:^^«S ( 1 0 4 a/S:V^b 1 0 4 h) (D^^\z^\>^X^-X^n^mm-m± 
f'Sd^ ::<D]^^Hi»?^Tttfeiic c:til3J;oT, ffliiS<^<0iSffiFj5«554b, iltiH7*-*:^j^ (focus point) 

43ViTJRS (converge) -f^ayx. 31<D^.^*5J;t)t^(7)^ffl (•y-':7> HOX'^i^ hJi.fig^(7)^>j?OJfeSl3ltlJS|iUVi 

[0 0 7 6] 
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(22) 



Mj^ (focal point) ^WL^^Wl- f = 



fy 



m2] 



nWrB<Dm¥k^(^iiLm P„ = 



Ptty 
Pm 



n 



[0 0 7 7] 

«e ffl *:>^ T^ST § il i t) T * 5 . 
CO 0 7 8] 

5i^-ht-?)o zm^fr^idti, m^mm^wt (isos) t^it\tMiis^^'j^)V' y^)v^ (1512) \z^^ 

CO 0 7 9] 
CO 0 8 0] 
[»5] 
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(23) 

[0 0 8 1] 

hftm-ox. z.zirmmvrz-mmfs.^m-c\t. uyj^r-^ (i 5 0 4) ^ffli^TNeoitiSffl^Srff^, npo 

[0 0 8 2] 
[0 0 8 3] 

:i<h«, isffiroA;'7*a-^s'j^ir, ^bTS;^i§:^feT, wim<Di:z>izLX'^mh^rz\m^-r^^tf)^-vt. mm 
pimx^Kiht^'hmtEm\z&<^m^m^i^m^m^ti. z(Dmmzi5\,^x. dp AASi^t^iE>mnrz.miz. mfs.^ 
w« mifs.^Ktnz^»^mn'S:m.r) ^miisimx^^tr^^^zt^MJ^-r^. M^it. ^i^^«dpaa®« 
'^<D^^mm(Dmti^ ltv^s igji; e,n*cfc 5 \z±^-t^ z. ttitx^. ^ 2 mmtD p a AM^^fe-sKfice 

[0 0 8 4] 
:j£fgW<D^l(DtBil 

*^W»^1(D«««. — >7.7=-AH43lt^DPAA<DffifflKg|t--5o gEtllffiHJLfc J; 5 tC> I^CT 
HT^LTiJO, TW (3 8 0 1) 2:fflV>>T> (Bl) (DH 1 fc'-A$|IKW{CiS^WtCl|gBi# (X) iZ 

Ta&^o Il2t'-A (B2) mf}^^Am^f3:Vxmm^tlX\^^^(DX. k*-A«^5{# (X) ^aiHlL, 

m (3 8 0 2) izKMvx. z(Dm'^hmmmzm.wi^\zmmT^o ^3t*-A (bs) Mt'A#:^i^STSti} 

• v'X'T^Adi*?). t*-AB Ui+*-y-'>>H • h*-AB 2 tt*-y-7'>> K (I** 

;&^;^7.if-;^)) ■y-'i/>F • 5^^^;USSL.. t*-AB siife-y-':?^ K • f^^*;i/^«-r. sir, 
*5^ + ^;i'*3<trX£-y-^'^>' H • 5^^^;K75t'-At)$)Ott^:^^\ B^te$rofc»608/i>e>H[^^bTVi-2.. ige.:^^T 
a&5 575t, n.-- tftcSiJ^-r^mftrettSt-^ligllitt, \i-Amz^fi^. 4'*t*-AH4. 8^-h;i/eJSL 

n^^MizAtix, mm'r^mmtim'hm^^^^^)i\zmm(omm^^^n\i. ^^^^^jiamsffjizmmiza.-^ 
\zmm-r^<iio\z-t^z.iih'^mx$>^o 

[0 0 8 5] 

::n*3tfft-?)^s*H9fc*i-, 3oo^^:?^;i/ (3901. 3902, 3903) <&-?-n-?noaM#S: (3 9 
0 4) \zx:h-r^o mmmm (3904) a^sijffli^ (3909) ^m^-ir^mtcn. ^^r^jKom^^mm 
mmvrc^^^ji'^^^m?^ (3905) , jp^gg (3 9 0 e) , mmis (3907) *jj;D^ai;^^si 

^(3 9 



i 

I 
! 
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(24) 

0 8) iZ^im-To (3 9 0 5) H«S*f^fieLT, Cl(DaSa*jiMS-a-> m8\Z7^■tj;:^^z^^'^)V^mf3: 

^:^[^izm.m-t^o mmmm^ 0909) ^^^)v<D^m^^-'^izmim-r^m\zBm-r^i^mm.mizm':^^^ 

l\ 3. 5ms fcftiIM$1i-< ■*)-9'y>\i • ^^:^)Viimm\zmmt^^'5\zL. miZ^P^^-r^JV 

Sr2 2. 4msfcntaffi^-&T. ^y^> \^ - ^^:^)Vm:ZftE.'^^:^JVtmm\Z^m^^i:'5lZ-r^o Ctlt;:J;o 

T, ±T(D^^:^)v^mmzmm\zmmm\zmmir^j:^iz-r^, ^r^}v<D:^[^^^w.-r^m'^. mmmm^ o 
9 0 9) \t^n^^m.v. ^nn^SDTSM^wgs-rsdi^iT^^, 09Ttt. mm^m (3904) it^jsi^o 
w^t^^tiTv^^o L7i^L7i/5^?>, ;in?.&53^sB§§i*ifcm^2.^9-, (3 9 0 9) tmn^^»mm\zK 

iih. '^m^sim^iiitj-t^±x<Dm^m^\zz<Dmm^^^^^3\zhrtim^x$>^o sic, gijo^fflw/if^* 
¥-(DaM*iitafgi5 (3 9 0 9) SrfflVi, #5^^;^^ji/asj«tc#e>nsjiM^s«?b, •smcommx.u^yh ( 

3 9 0 4) ^^Jgi-e-rn. «-^ESfwiS3Sx-^*2l?)^<h*«T*5. 
[0 0 8 6] 

, i^^tji^m^^z.^-5jmm^^^. ^<Dmm^t. mi oizBirmm^m^^^ziiiz^^Tm^-r^^t:^^r^^. 
?*{£;;-r^:t-7'f*i3<ty^t'x:tii^n. ovDT'U'-rir (4ooi) (D2:of3:mmmt^i^^i^-^n?>o :iti^<Dm 
mt. mmizm^m^n. mm»}fs.MfC-m%^m-r^, - T.-f^)^^' (4004) ^m^^x. -^-^^^^m 
ms^^^^-9>(^ ' ^^^;i'5:#T, =&5^i'*;w*Ei9n^-rsiifcB3tp-r*o :t--=f>(^ismmmm (3909 
) ^\i^^mm^^ (4 0 0 5) \zmmv. }f.v':tm^^mmi3-mti\rMm^'&. ^^y^i^^xs^mtim^\z:3.- 
^\zMm-t^^t.ti^x^^^o\z-t^. ^^\z. ydr'^mm^^ii^i^o^^ii^mm^^ (4 00 6) \zmti-t^.. 
^}f.=f^mm\t. -mz. ^'^y^ ■ \^-i.mmsL-t^m.:ksm. ep^. m8\zio\'f^^v^>\^ • ^\^)v^mm 

ULTttg^TS. 3:©«^Of5^:tjS®tt, ^-x-^ ^iiffi^© (3 9 0 4) C J;oTjlM$nTVi^Vib*-AB 2 

\z3mt^'^'^>v mA.\ts 08Tttk*-ABi) :*sxe-*d^e,s5:n^*r, \i'f-tm^^mm-^-^^i3t)mw- 

l*5<tatl6Ji, rg|f|6«){3BtrffiNf^Jt43ViTJ (at substantially the time) <i:Vi'5'6lC<toT. ^Itl^J^lXSIK 
[0 0 8 7] 

eJcfitbT, h*7^:ta]ffi¥^©^#^}-Eg (3 9 0 5) iC t)l^«fr«iB|-rS ^ i^J^T^ (0 1 0 (C*3ttS.'iSillS#flS) 
x^t^aaiHiKSrfflt^T. -tf-'^>K • yT.T-AO)^.-^ • -f >3'-7x— 7.0p®±*^ (on-screen display) SrKtt 

[0 0 8 8] 
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(25) 

[0 0 8 91 

^rL^mr-r^mm^mi 2\z^ro ^®ggn, iasnwiiM^© (3904) ^w^^Ltz^t^w^^x. 09(c^ 

*«T^?., 012Tfi, jiiP«:3>3j^— (4 10 1) S^i-ESO^SlrSBLTli-S, >7j^-^> 

sijot^snTi^-s. '>^>h*'>^® (4101) ti, \-D(D^x^Mzn-^^\^(T>^m\z^-<y'^'^^^^Mm 

[0 0 9 0] 

'om^^'&T^-t^^tfi^x^^. -m^mi lA^jiv^i^Hi iDic^-r. 01 ia«. AMW;^':>'f ^f-^mi^*^ 

-r. (4 10 2) ®nfi!lifi<{ca&^^«IStt, iJ-'f H • D-T/SrMil^S-a-. JglRH4Se!r»-r-2>)tJe)fr, ^<bm 

W^^(D-mtmaL (01 lB#Sg) . m±S&mm (FSOirull scale deflection) izm^mtlf}^^^, zn 

^mm.-t^rztb\z. miz^mm^(Dtiii]^mmir^Rio<o\z. ■^^'^H-^M^oj^^^^^^ts-a-^.iiiTi^-e*^. z 

[0 0 9 1] 

WKii<DSfe«, ii6\^^m<Dmmfk^^\ziz-:>xm^m^x$>^, b^d^^T, *si««> ^4c»s8im mz^-t) 

?^'^t)ii:^zt-fyimmx$>^^mm^$>^. i&^^m(Dmmm.x\-i.. m\^^(Dm^&f)m< L-^^^mw^^i&^^o^x. 

\zomxi&-rhxmmz^\-f^i^mm\t^^mr^rztb. ^Lxu^)vo:)Tmm,mtm^<D^w^^^ohmmx3b 

[0 0 9 2] 
3l£%BBcDm4CD^g| 

m&j^'o^^tum.ti^iii-st-r^o vrzti-:>x. xt>mn^2-::>!iK±(Dmmwi.wmzifm\^. DPAAsasrfflv^ 

[0 0 9 3] 

01 3n, m^mizmfs.^mm^^m^Mitiit^-^ff]f3.mm.^7r^-ro 

A:^m^lOlH, {i^X:/U (2 9 0 3) izmm-^nxii'O. Vtzii^-DX. w.m'f-^^)vn<Du 

-'AT. - (2 9 0 1) iSJzOfA-f • AX • y -Oli^ (2 9 0 2) (r^i^^tlTtr^S, P- • A'X • 

5^ (2 9 0 1) ^J-ES (290 
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(26) 

4) izmm-^nxisK). ^mm (2904) n^Tomstig (2905) -^nn^ss (2905) ^pd 

A A (10 5) <DN®«^^^ (10 4) ICS^^tlTli-S. 
[0 0 9 4] 

A-f • /^X • 7>c;i^^ (2 9 0 2) mHZ:i3i-f^y'/UX (10 2) tl^-O (^LT. «ISWt;:NffiI©Bl^S 

<§:fe=ttXBl^l^PflJlMxl//>hSF^g|5tCI^jftUfc) 5*AWX (10 2) H^gEb, -Z^^J^T. (10 2) tttnllL 
(2 9 0 5) <DWi(D:!n-hlzmmVX^^^o 
[0 0 9 53 

far field cancellation) <D^S^:^Bgf ?)^c«e){'fflVi«. H i::^^T#5o b;^c*ScT. *->7.xA«« ^i§<Dmmz 

mvx. mu^m^m.^mmzjs!,m-r^:it^ixi^, i&m^mt. mmmymm^t. ±xtmcmmmm («® 
±no) *j;ytM<@**-r5)^sisi (2 9 0 4) tom^mmv. -:^-^mm.mi. NfioiEsmro^^tc^juT, 
jfta:bTji^;>a:i^iBi®3g£SrSit, mmmm-^n^o zti\z^-z>x. i&mmm.(D±m.if3mism^ (giobai far-fieid 

nulling of the low frequencies) ^^-f^Z-LfiK. 7>^-}d—S.>if (anti-beaming) , m*>. mm^^tom 
[0 0 9 6] 

i^, ^mm(Dm4(Dmmz^^:f3m\t, -^mm^-a^i^jv- y^)V9 (512) ^m^^xmmoimx$>^:itit.&m 
Lxii<-<^x$>^'^o :i(Dj^ofs.y4)i^\z^':>x. mzmmfzm^y ^ )V9W:mzmiR-r^:it\,z^-:)X. mfs. 
^mM^mrj.^mmmzmm-^'i^=b:it^^-^miiu^o mmi^^m^mmiz^mh. ^mmmmm^^m 

?>ti^mmizmf3:^mm^¥x^!iS'm\t:f3:^\ m\zm-<Dxtimn(Dm'iromm\zy>()v^9&m^n^^t\z^^x 

[0 0 9 7] 

0i4ii, ^(DWtm(Dm(Dmm3m^^-r, z.z.x\t. 7u-( (Daii3M^^=§:^ti^m^tvxm^\ xtjm^ (i 

0 1) ©S^?)«SElkflif«&ji«-r?>. mi 3\z^ir^^\z. Ktim^ (10 1) «. (3 4 

0 2) i,z^-Dxmmi&^mi$.\z. ^vxu- ' nT. • y ^ (3405) \z^r>x^m^i^^mz^n-^n^o ffi 
mm»im^\t. miM^M-^ (340 4) tr^a^n, ^mm.m^m^. ^2^mmm^ (3405) (r^m^n 
^imk^m^ (3 4 0 4) i)^^i!b^7v^ (Dmmwim.m\t. ^mmmm^ (3405) <tofe;^#vi. ii^T- 

[0 0 9 8] 

-b. mnn.. u-nT.-y^jv^ (ssoi) ^iixsn-i • /-^y^ - y -ov^f (3502) {c<fcoT<£:fej;ofie5fflStia: 
i^j^\z^n^n^o {S:.nm.Wi^m^ (3 5 0 3) xt^m^(Dl&.w^M^^mm\zm&vfz^m:^. ^whttmk 
s^-a- (3 5 0 5) {c«ai-r§. z<Dmx\t. ^©^i^-^tt, TKi^(D^^»ggd^e.^So iss^sis^j-Esgn. 

A:^ft-^Oi««ifefiK4J-&^2ffl;'j^#ISg*^ (3 5 0 6) \zmm-t^, ::n^cO^«|ggH, Tk'f ^«:cDa54i-«-&T 

m^^i^xs■$lWi^m^^1}^\%■^^tzmz. i^awm (350 4) t^iz^mtfs-^o \^fzm'DX. z<Dmmmmxit. 
m^^^tiiti-t^rzst>izj:y)^<<D^mmm\'^^n. vrzA^-:>x^m^mzi=^^X'Z-'mt-^ti^^ ^<o^<(Dnti 
^\zts.mmmz:kiir^ntithtj'&i&m-r?>ti>b\z. f^momm^ (^mi&WLO^^aiij-t^) 

^'S.\z:kmi\:V. -mmtHzT^ziz'^x^?>o 

[0 0 9 9] 
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(27) 

•t^oum^^m\'\ fs.mmmm^»m^7u-((Dmi\z^m.-^ri. isim^mm:^^f)^^^im\zh^m'^\zmx\t 

[0 10 0] 

(Dmmzm%t^ct\t±<MmLx\^^ti^^^ii^&tii'Xio<) . mi 4(D:^m^m^^im't. iE:^rJerov->J^^;^ 

[0101] 
[0 10 2] 

(3 4 0 3, 3 5 0 3, 3 5 0 7) O^l'ttaE^ff •5A^e>T**, ^fflO^E^S^ffl ViS«^ (@14lr:fe;t* 
[0 10 3] 

{C^«ISi*ifi«fiH-rS;t4e), CCDP5)S*«?*-r-5fc4&fr, 01 TCS^I-TP-fiS-ti^-r?., Z.<D7 

u-fTu. 'p^^^H&z{iLm-r?>mt)mm^(Dmmii^¥i^j:v^m<Uz>x^^^. vrct^-ox. -m^MLtzm^ 
^^m\^^x^mmfk?:mti-r^zt^^xt^(Dx, 7u-( (Dmm^m^f ^^tti<. iyttf)^-DX\i-i^(Dm\^^^^ 
ft-s^i-bTSiVip iz^f3iis:miiimi$c\zmm-^tiit^mmtmm&i)m<. zti\znhx^^<Dnm&mmimm&^ 
M^rcmmtfs.-ox^K). ^x(D^mmzii\,^x::ixhi5^zs^m^mmithx^-^^. 0i7Tti, ie^^^h, mz 
^m^<D^tE^^irizm^-r. 01 etcisits^^tr, m^^mmiiti(Dmm=t^-rmxitfs.i^. 

[0 10 4] 
2ti:f£qq(D^ 5o a 8# 

01 sSL!05-^cDtswj;ot):lv^^«lS§^^t-. ;ico'X«lStt, 0 1 9 ir^-rj;57il^«©a«l^«7'^-r(c 
mmzm^^=bz.tf}^xt^o zzx\t. mm^s 7 o nfmmmzm^\zmiivxss.m-^nxiio. :i<Dmmmm 
m^<Dm^^:^<Dm\zMi'xmmA:^\^izmzs^^3iz^':>xt^^^o zommizju-oxm^ti^^mit. 

si>iz) m(o:^f^izimm^mtj.^i^j3^^^^^. &Mm^<D7x<i; »^L<it{>f3i< fbz : 2Ta&«3, 

i-:pcosti*«i^t, ~ijumK<Dm^f^7u-(\z^'DX. mnm^\z^^^xis^^m^^i)m^n^o z(D7u-(\t. 
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(28) 

[0 10 5] 

[0 10 6] 
[0 10 7] 

■t^^(Dmf3:^-^'y>]^m^^DPAAizj:-Dx^tt^mmz\&]ii-xm.iiih. ^mi$,f^\zz<Dj:^f3iS.^^^rcii^ 

^^T^ ^0^7c5J'IIIWai-tt''i'>KS5[M->;^'rA (multiple separated-source sound radiator systen) 
[0108] 

02 Oit. (2 10 3) \z0^(D^m^mA^rzl^<D. ^-05DPAA*5J;tX*IScDS:W$>S:«*SS (2 1 

0 2) 0mm^^-t, ;ititt»tai¥«^a-fc*cr<cDTtti^viOT. it^oK • 

[0109] 

m? A^rzi-im7B'^^mLx^\zm.mvft^'5\z. -y--^^ h* • if-AH. ■&iiis-&;^<T*), *fett^ji$-&Tt> 
{r»e.n-5^ii€r^n-?'ti«i»sW{i*-ro dpaa (3301) \t. sbm (3304) p^izmsLfzRM^ (330 

2*3J;r;3 3 0 3) fc|6iltTU-'>>K*3ltfJ-rsJ:-5f:i(;f^W«iTa&?), 
[0 110] 

■y-'^>H • fc*-A€rSI*lg (3 3 0 2) Oftf^OJi^F 1 (0 2 1 #fl9) tr*5ViT^;li$-&;t«^. t*-AfJ7;i-- 

J;'5t3, P 1 ■y-'>>h**, aSM (3 3 0 4) (7)^#J*^e>%JliT-S) *)CD t LT^tot"^. f#e> 

n^\i-A\t$^mza:^^<DX. mm (3304) ©T¥^tc:viSiKS{#co:*;aB^)-d«^«U-'>>K$M<e:itc;5:^. 

[0 111] 

■y-i7>K • fcf-A^SWS (3 3 0 3) (;)^^©ifi.'i^F2 (02 1 #fi8) {:*3ViT^ji^ii-/!:«^, t'-Ati> S;^: 

mmst^n^mizK^vxy^-tix.^izm*^'^, sw®^, tf-AiijE;;^)io. ift,s^P2tcv^^iKSj«ttwO-th'i7> 

h*$PB< ::i:;&^~T^'5o SWOfc&fC. :i— tfH, ^:©-y-"t7> KSr, S*tS§OW:^(r*5S*f]l8^ (reflected foca 

1 point) F2' 30^Sf8fflbfet)©tLTKar5o C©J;3H, P 1 {rVi5«ffi#«, ■y-':7>F 
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(29) 

[0 112] 

mizmOi-r^J^^iZDPAA^miP^ii^m-^. mm (hard) ®^#iii*3J;tJf/*;t«1h'^>HKi*ttfc«n;t:^^ 

<H©-&Ji^« (focal regions) (lo^^«^) C*JViTZ:ne>CD&^ S'^Jt'T^ ^1 
[0 113] 

W^-i^h'Xtf-* (DPAA) (TD^SrfflVv 5i&t*(D|||S(7DSaflr*5ViT^5.n?) g^©«[^$fljffl bT, VJW^ • ^ 
[0 114] 

ii^^^'^/y F?!)Si£< ij-tfc^s ^ b t.^«^, 1?--^ > ^mLKm^^tz\iij:mm^m.^^^ti o iiwx-r ^ t 

[0 115] 

m(Dm.m^^m\^x. ^j^^^'^mzi^rz^ximiKM^n^z.iiifix^^o Mici£«sit5ai*&s*^fcj6t::n, « 

52bfeSfi(D-&H-{ZJ:oT{ii;^«^^««T*-5^:iT*5. bfe*i^T> e3!*-9-^'?> F • h* • x^T^Alr 

[0 116] 

*S!Bj®il7©®<i«. DP AACDa-itli!|t^©5^^:^jwco-y-'i'>H*^v^Tnco!|#^(DNf.'^irfei=>Tfc£;ic^ 
1ftt^ ^FBlrt<D#^©fig{3-9-'?>HSr3liai*fe«^^bfcVi;^s, -¥^S^*iEbViJl®*{3rebTaii!S:^W-3f ^igJ^ 
J;-pT6M$n^. t*x:t • ^^^irS^bfc^^Sfflv^x, *^^(OOTS'&t5-&«.*(6]&fM[bx ^txfc 
±*fc«'X3-1';^T-'<' yi^S-fflV^?)) > PDAA*S?aiSR«, »##*«:ij^^ORgiiiS:'&t>1tJ;-5a:-r?)tC^lr«i: 
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[0 117] 

u>x^zn^(D-r~tiiz^m'r^ztt^x^^ii^^x&^o jgtr, ^oyxt-y h\z^'y> ]^^'tm■r 

^^ttb(DlEV\^yMm^f^WT?>^'5^z. vyh^xT^j^wimizfSL'&T^zLttiiT^^. m^^<omi^^ 

ma)^y')v^m\^^^m^M-:fs\zi5\^T. ti:^^ o^>. ^)vh. EBi) ^ftuum. (x, y. z) (h 

<g, XV'^— >3> (elevation) . iSni) 'v-OiSlg^aiSrfflV^-Sifi^iJT^-S. Z(Dm'^. 2-:3(Dmmm\tm:f3:im 
[0 118] 

^<&^t)-B-«J:'5iri-?)vitt)T$, /t^;5t^:©J;•5;i^:t*tS>■pTfe, IJ-O K<D:7*-*v'>^f*14■r^)«6;a^' 
etlIWir-&^IS■a•^, ^txfcj;^T. ^m-/3imi^y^-\^f'^yi7mmiffl±m\zWirFm\zm^^n^. 

[0 119] 

^o^^^jvmm^tt^^y&miz^^xmmr^^^MiR-n^Si'bmi-fit^K. z.n^'^x=s:^mi)^^mm 

[0 12 0] 

02 2tt, DPAA (3 6 0 1) ±iZ&,m.'t^\d'r^'tly^y (3 6 0 2) <£ffl(/iT, iJ-'i' > h'35t^ji-rS[^C*^ 
trRgip*'&*3-a-S«^«fl|®0T*-ro ii— ip-^-^ (3 6 0 3) &fflV^T»l6jrs:ii*^T^?). 36 

[0121] 

CCTVWffli^Ttt, «IS:<0:«7^7&fflViTl-:p©|gB{c:*MS;S-a-S**. ^-cDTKS:fflim«, Ji(7)feiBl^f:*5 

^(Dm.^jzmm^'ttoitxi^^^:^ ^7^mnv. ^uy:t>iz\pit>^^xm-tz.tizi:':>x. (^?s:3-7>K*fc 
n^<^cDj;c>/^) ■^^>\^^mm/mmn<Dm^^^mj^izmmr^zL^^x^i>o 

[0 12 2] 

S>^m^. zn<b<om^(oy:t-U7.;^^~mmzf^miz»9li-^^^:Li^lzii'DX. 7.7-U:tmn^J::ZfD-yO>\r 

• D-^>mMk^mm-t?>:Ltii^x^?>o ^zo^'^iz. mi^(D^.iimm^mzi<^\^x¥k\Pi^n^:iti>ixt^, 

[0 12 3] 

hr-L.fe>3. ta-Tilt (skipping) »*L<ti, ;:n*iS|i&«{:fTV>. «[ffiCPl«g;ii7U.;/5r^S|5ij|S-rs 

. ^'jyi7^\t, m^\t. ^WiGy^>zf)v^-m\ztmri8i^\z%±ir^-«imm^h^, 

[0 12 4] 
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(31) 

[0 12 5] 

PA (public address) i5J:lXn>-y— h • U-':;> K • >/;^7"AT«, DPAA(7)JJcW/-«5'->2r=*7clr@ffiiraE 

(DPAA) <DJ;-5/i, KXtf-;«70ffi«i^r. ^S*«<DiS:lif/t3'->*«»&n 

■oX^^Ux.u-^m'P^-^^Z.LM'Ct^cD-C. mi&^ (intelligibility) ;i t^^T^-S. 

D PAA1gL^n^->\t. D P A A A:^lcfi^iBk$ ^2) :/ • "T-f i7 p 7 * >lrsyM-r 5x^;w=?S:«'>$-*5) J; 5 

[0 12 6] 

(crowd-control) *JJ:O^We»TH> D P AAt'-A©:7;j--;<3->>y*3j;tX«|6j(cj;oT (!fea«lic*^ 
$a-55'^KXtr-;?7:feJ:t)t/*fe«*->^^»;3F-&2>rt;5:<) , »nfe««lri3ViT*1&l33feVi^f«S:4^i- 

gLT, J[fc:<PBlPBS^t?TBB«-r-g);ii:;05fT^ntt\ -^mmi^i (focal region) T«> DPAA SETf^jfiit)t> 

[0 12 7] 
[0 12 8] 

[0 12 9] 

;iT*3f3, ^n&$iJ«LT. ^A:^«^;iS+>-r» K • tf-A 1 2 - 1 , i 2 - 2 i LTiitmsn. ^M46iS 

[0 13 0] 

®2 3lc:H, 20(7)-y->:7>H • t*-Al 2-lfeJ;Utl 2-2*^S^StlTViS. 1 t*-A 1 2 - 1 Ji, ffiSO— flK 

1 7*^e.> Lfc*t-3-r, ^d^^^bfc'feCDiiLT^tt-r?., SS^T^T^ 2 t*-A 1 2-2H, ^IR^ 1 3 trilj^-r 

[0131] 

^m^izsimvtzfs^m<Dwm(Dy^\ixi^-ti=s:mi^^m?k<D 
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(32) 

[0 13 21 

So A^fJl'^ViT, n)V7. • a — H^H (PCM) mM^^my * -'^ y V <D^MM^ (audio source material) ifi 

. n>/t^ h • T^.rxi' (CD) , x^'v'^;!^- t'x^t- 1-7.^7 (DVD) ^<Dj;-5;^xAW;^55^?>. 'f^z?^)V 

• it-^^^H • 7'D-:^xi7 3'tCJ;oT, S/PD I F:7;t-Vy hC03t^W*7tHHtt5^'< • "x-^ • Xh^)- 

, ¥>6:/i2^^:^iJW • fe.&V4iDo 1 by Digital ^feUDTS (itSSS) O 

[0 13 3] 

$n^» 7:1-0^/5"^' (B^1±-r) ^m.P^ih^nx ^ <0 . 7i-u^Xtl^m^(Dmi^ (AUX 

[0 13 4] 

zn^<D^-r^}V^^it.^^^)vmt. 2 5^^:?i;v-i}->:/;w- k-h^«lffi [src] ic^s&sti («.«Vi 
(.Mftit. :tyya>tLx, f^m) <Di^mm^D-y:f)i ' u-h ' ^ayi7 [ssc] (a^y-rn, *«j48. sk 

Hz*;t«97. 6KHz) ^J;ZXt*y hS (®«^T«2 4 If y K) $#T, rt8Kv';^7^A • P ir*iiF«Ox- 
u>'x.i;'^<Dmil^^f3.n:htiitiWt^j'^i>^)V' ^^)V:^^^m [PWM] ^ftSiT'^^il^. PWMi^D'yi^iP 
[0 13 5] 

2-3jgJi±(D5^^ v^';i'A;'j^^^;i^*^*s?i'Sx-5' • ^'p>yi7^£wr'5JS^ (se.<, ;in?>?i^. ■piiAa. 

SRC<Dffl;^j«, 48. 8KHz(0p^^T%^l'niD->Zf)V ' U—hiZii\,^X. 2 4l£y h • '7-\^(D8^^^MZ 
[0 13 6] 

(.mmxii. 2osfctt3-:p) cot^^ y^j'ji.ffi^T'p-t-y-ti- [DSP] h^m^^^xy'-^^mmt^ 

. ■^Ali. 1 3 SMHzTSIjf^t-?). Texas lDstrunientsttcDTMS320C6701 DSPi:t"n«j;<. DSPH 

, t^n(Dizu^t:. zi-\ijt^^B\z'r^rztf)\zwwi'hm^y:t--?yhxn^i\ mrc\mmmm^mizf^Mt(>^ 
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(33) 

!t#^ffl^m«lHl8S (AS I C) (DJg«|0;?jX^A{kv«J=i>t;J;oTlliSbT'foJ;Vi. 
[0 13 7] 

[0 13 8] 

\t^(D9m.mz3s\,^x. mwmz n-osk±.(o) is^is^* [lfe] ^r^)v^i^&.±(Dm(D^^^)v. m^\t 

[0 13 9] 

A*-ii->7'>'l' • x-^' • U- h±mzMLX8iB^-A—^>-:f)V:^^ZSmfSi^m\ 3 9 0 KH z Ir^SV^T 8 ^1- 

Tff 5o 
[0 14 0] 

mmwtmmm\zfi^:Lii\zn.^, ^cym-t. m-ti=j'^^)vmzmkm<Dm^fknhitm\z^h\^. ^^i^^iv-^ 

■h^S>^o -B.mW-\.fzU^. I^CM^jA'X^ilDT. aMS*SFPGA (c;iT> 3li£^IIISl'7'i'v'i7;W. 5^- 

t.it. ARuuT\t.. ±x<Di^:^7-j^mmt^i:xsn-mmm^9im-r^> 

[0141] 

i)r>:/Mz-^^?,mziii'mf3imm^^^r^o i^r-o(Dmijmm^ (.z(D^mmmx\t2 & em) \z. ^^^^)v 
'&mmmizmm-^i±ft'h<D^±m-t^, 

[0 14 2] 

T^y^'^—^3> (apodisation) , *feH71^'f • 7A— 3=-^ • "^-f > H'J'I' >^ (array aperture windowing) 
(BP-^, mmm^n\1r%^ (graded weigliting factors) a-^lftS(DTH'©(t''ij*^6<Dffili<DK»<hUT. IE 

■tJ->-/;i'- XhU— AJi. Sg^^^^.JKD^'irm-O-r-O. ^l,X2 5 6m<D^m^<D'&^\Zl-D-r-OX. ^ff8X2 
5 6 = 2 0 4 8ecOJlM/\*->?3 >i:;^D. F P G A(r*5V^T^thb. 2 5 61iC0E^§|XU-^ > 

>srH, WJCD3 9 OKHz 2 4b'>;/ hfi^&*felK-r^. :t7'v3 >t bX. T^J^^-f if-i^3 >*fcH7 W • 7A' 

(Dmiz. ^^^ji^mizm 
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(34) 

[0 14 3] 

'AiZ. 2 4k'-y N43«fcy^3 9 0 kHz(0 2 5 eecDft^H, PHttCF PG AF«3lr*^«^'fb//-f XS^^tUSS 

^iiSn^ 7^-^ •■^>:/)V- U-\^A^^9 0\^Hz^Zi5\,^T8\dyh^zmm•t^tl^. ■BJE^J^ (EP*), ~2 0H 
z*^e>~3 0KzSTO«^«jg|S:^«) F*3THi«Viffi#^*y^Xit [SNR] * T^^. 

[0 14 4] 

ll^t;:Wffl;^IISfi^«o l on, S S C S PT7.^®lli7 n y i; mm<DiEm:^mm^<D j^mzt^ z tT&^. 
m^it. 1 0 OMHz/2 5 6 = 3 9 0, 6 2 5 H z <i:/^ >9 , cntlJcoT, ->X-r A^#tr*l^T> +t->7';i/ • 5^ 

uy^mm<DiEnfs.^mik(oii-mz-r^t^mT$>^. mz. pwMi^n^vi^^sjss:. wasx-f >'5';v • ^t-x-f 

* ••y->yjW-x-5' • W-hOiE1«/^SSicf&, 9 t*^y hPWM{3ji^bT-tJ->y;i'- l/-h®5 1 2«f (2 

9 = 5 1 2T^-2>fcie)) {:-r^iWfiJTife^, T^-f • t'-^' • "7- 8 (cMiaiL-:?-::?, nm\z^>-f)v- 

[0 14 5] 

i) 1t->yjl'- l^-h*i^5e)?>;ittrj;D, =r~^ '^-YmMffy^m&^m^^Zi^ti^'f^^^o m^\t. 4 8KH 

ztD'f-^ ■ v~w\i. -mmfs.m'hommm^m\%i-^>':f)vmm. ep*., ~2 i v-r i7pfj>-cfe*d^ -:^i 9 

SKHzx-^ • l^-hTtt. nJllg;^«/jNiI3i?al*-ett (l1i->7';P««i) ~5. l-r-f i7pg>t;i5. 
MSgcDitgfritfeLT, ffiiffl;5:-y-':7>h'ig8gfi«M:9'#Ftg (sound-path-length compensation resolution) (=BtH 
iia^i-»tgtr«jSS*J^Lfc«) ^*-r^^<i:tt«ST-*-5, 2 1 v-f D#coM{:i> ^4'0-y-'>> HliNTPttiJ 

[0 146] 

i i) P cMt^— ^SritS*fflW/^i7a-;^i7]SS©5^xr v75';VPWMtr^ii-r^;it«. '7— Kg;!>^Mi^SfS¥T* 
4 8KHz©x-5' • l^-Ni3J;t)fl 6 t*-> hftTfi, 6 5 5 3 6X4 8KHz~3. 15GHz (tt 
©PWM^P-7iri^ft*Sje!'Sa:/aS*J. -TEr 1 9 SKHz®^-^' • 1^- hiScfcOf 8 tfy hftrtt» 2 
5 6 X3 9 OKHz~l 0 OMHz (lEf^SlfflM) WPWMi^p^y ^^jt^d^'^JSti^-S. 

[0147] 

i i i) ^yyjv • v-v±.^-\z^-ox. ^y':f)v ' \^-v<^^mzi^\,^x%f3n^m^^w^tlmi<h. mxvi. 

~1 9 5KHz(DiJ->7^;P • V-h-eii. ^e>ns«^^«<i«~9 6KHz t75:^. mri-itfn^T. {}dvVWim 

\zmm-r^z.tizj:-:?T, \io:)±mt(Dm(Dmmzis\,^x. ^--xJ-<>]^m^^vh]Sv^m&^ wt,. 

C:cD«^, -2 0KHzJ;0J:) iZiz3^?:^W]^it^Z L^'^X^^. ^(D^^it. ^(Dm^^m<Dm^'kXt)K Z 
ZTitmmz^py3.^^SNR<D^T=S:¥^5fS.»T. =f ^ -J^ IS/ ' f-^ ♦ X h 'J-AlCTJBmsnS ;i tTSfe?). 
[0 14 8] 

• • X hU— 3 IMb/s 0 2 6*(Die^Jx-i5' • ;^ h feet 

o 

, 1 0ffl<D^SISgHS3^$tlTfcO, liniCioT, ^< P- • MX • :7'<';W^' [LPFlcr)^ffi;S:<, ^lfel§(ii77 
X-B 
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(35) 

[0 14 9] 

m.m^ft\tmmmt^^nftM^mW}-r^, i7^x-Dm:fj7.^ y^^onm^y'^ i^i^)iffnzmisi-t^ t. ^ms^ 

T, ^mi^^<Dmij\^. ii*^t;iJ£V^46ffl, 1 0 : 1 0«ffiieHlcMbT 1 0 0:1. ^tz\t-mzN : 1 (D«ffi«eH 
[0 15 0] 

, #H?si3-«wfcfflVi^nTViSVi*D»$% ri75x-AD] iifii&Ttt, fj^7.--C)m.-n%Lt.wmt.<bmzmrfu 
-■Ax-y-oii' [LPF] Ti-uifn^-LPF) ^sim-t^^"^f)^&^. zti\t. m%M^^(n^mL 
fci^m (ffi«^«ggT«-«^s§) i7yx-ADmmmotii:fj\zi5ifi>^ji^)i^\zw&-r^M^mp'Nu^ 

-ADmmmt. ^(oiatiizmwi&diz. pwum^m^^ (c:<Di»-&, nnn-s o*fc«i 0 omhz t;^^) t 

*3liT*;»cSiti (ii^-S) 01 : [MSR] ai;^«^^±J6feb. 8 :t-ACDft?^m«^$n 

^LPF©;^j>> h • :^:7^fe^n, M'^n^mMommiiijmm.ik m?m, >2okhz) j;ot)i^i^*^, pwm 
mmm^fic m^it. ~5omhz) j^om-^fi^i&i^^^x. pwu^^^jy^^mmzimh. m.ijmii^WL'piz 

\zmmhm-fti\tfs.'^fs.^\ m-M. zti^<DLPF\t. '>ts.<t.^2r:i<Dn-f]-^>'5^^d't. i-d. %tz.\tM.\z^< 

iBSSTfS, z:<DJt-5;5:L PF«3X NSraStllf^-r-SZli^ST^, HtcSSi&CDtt. PWMJi^gSg 

\z^'oXWk^^U\m-±U<^fi\^^^^. :i©j;5i^LPFd5i£j.Si:;^^©ii, Vi-rtiicUT'b^< 

EPS. ief^ifePWM^i-'JT^iSi^'J-h-HjflAL.. Jtfee9±^;felg<@(DM*K;5:Via§*«jE«[W [EMI 

[0151] 

v'J-yzm.wskW.^tvz^^. ±xifin\:>x.y>ju—i?\\zw^^fix\-^^<Dx. EMi©pgien^<igc:^;^j:Vio 5^ 

A;^;fS^^^'-t*P©i^, i7 57,-BD«:^»{ii:^j4^c^H-ifPT^&0, i^^X-AD PWMlta;oT*^sn^ j:57S: 
, S:^«^J— «il : lMSRm^ritm\ ■O^K). i'^X-BD PWM«;»7 
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(36) 

- B D 0±g;^^«;5tiT-6 iHSns*^?.T&S. 
CO 1 5 2] 

^Wm;^^Sl^emi, #«{r^*W^«M#SLPFT*D, Lfe*^-pT«ft*fe<J{:«^J>(DPWM4^^UT;5^'^:7^X 
-BD PWM®5&^e.^SX^;i'^iUTS^tbStl^, X'(•v':$'J^•■^J■'^7>H • 7'ni?xi7d70x>fv37 

[0 15 3] 

m^'tcDj^nzSb^miSkmiim^mz^m^ftitmmizmm-^tix^^^m^. ^\^)v<D^'if\zi 3 2<ojiyi2>A*- 

1 2KHz;^j:V>b 1 5KHz) ST> 6043J;-?-^;?|Sj'sCD*5;WSr5S«-r^ J: 5 tr, ^tfeScOifig 

[0 15 4] 

naJ:<, x-f • -y-^^^H • :/Di?x57^^(DXx-^X*3<katnv>K««*), T'py^A • ex:t±{cm^3i 

^to^nSo x-^ >?i5';i' • -tfo K • 7'Pvxi7^<ci«8*^e.s8*-t?<D<i^5!i9i(if^<DyD-fe7.3i3i*^+5)-tcsvi m 
^im^ff:>Wim^^^if^-miimt\z^^-r?>mis}<D2^<DDsi>±X'mi¥irimmy^)Vi'<Dmfs^i 
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(37) 

[0 15 51 

[0 2] ^xt)mm.(o^t}yi;mo 

[0 5 ] ^m<Dmm^^zsxtt^^^-r^9Lmo7i'-( (onnmrn^mrmo 

[0 15 6] 

[0 7 A] ^mmorn 1 <^J8«(7)^gi&fflU§ z tj5«T*S 4aS(D^P«coi*g© 1 o&^-TS. 

[0 7 Bl *%B^(0^1 (7?^»(73Sa^ffll^^^t#^^£::^^T'%^4aii<DW«©rtO!?'J(Dl'::>5^f 0. 
[0 7 C 1 ^mm<DfS 1 ©l8«CDgg5:M ^ C t/JST* ^ 4 aSCD^Jg(Drt<7)SiJ<D 1 ^ ^E^T 0o 

[0 7 D 1 ^^mmom i ©sg^ragssr^v^s t^-s id^T*^ 4aisw^Ji<7)i*3«gij<o 1 t3*^-r0. 

[0 15 7] 

[08] 3-QO-y->i?>K • 5"i'^;PSrSrtrs?a«;&i6ii'i^it/ti^{c#e.n^>3-::?oSJi^H-AiSK*^i-0. 

[0 9] S;Ssei«IEfB*%itfcAn-5/ia&fc#^-\'^;ncjIM*-¥;lSilB*^f 0, 
[010] ^-5*^:t • 5^i'^;i'{r#Ai)a®CJt£:CTbfx:i-(i#^jie-B-SS«*^-r0. 
[0158] 

[01 lA] :^mm(Dm3<Dmm^mm-t^rzmzm^^^ti^m^(D0^ >\^'ymik(Diz3^^-rmo 

[01 IB] *f!l«©ll3<Dffi«SriKigt-5/ii*lrfflVie.n^a^O'>^'>K'i/M^ferosij©i-:3$^-r0. 

[01 ic] :^mm(D^3(Dmm^mm-r?>ittbizm^^^n?>m^<D'^^ y\i^m^(D^i]<Di-o^^-rm. 
[01 ID] :^§^m<Dm3<Dmm^^m-r^itsbizm\^^^ti^m^<D^^>\^^mis.(Dsi]<Di^=s:^irmo 

[0 15 9] 

[012] mf3i^^^>\'^mwc:imf3i?>^r^Mzmmirimm^^'r^, 

[014] mfsi^mm^^m^mm(Dtiit]^mmizmm-r^ms^^-rmo 
[015] s^^^fefc««^ma-r^ffi;^;^giii«ffi{:«ai-rss«^^i-0o 
[0161 TV'-i'©iEffi0&*L. f&mt^m^mmij-t^m&^mi^^mrmo 

[0 16 0] 

[017] *f6?^(o^4<ois<i;tj;^, <4^*#jatr^s*^j«vi^»s^igc^^-ri)ai:^iE»so7^'f Sr^-r0o 
[018] aBs«jS**-r^¥#:®^si^&^-r0o 
[0 1 9 1 018 tr^-riE«s©7 w £*r0. 

[02 0] 1J-7'!7>K • 1i-':/>H«l«*#syt*Offi*|g«SgOT^-r43j;r;s«/#^«Xi7U->&S^r¥jS0. 
[02 11 |glj|S§©7l'-fi5J:DtK*f/*S®, 
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(38) 

[0 16 1] 

[02 2] *fg?9<^^7<DSi^fCc}:^> ^y"^ ' tj^yf)m^iin^nrz7u^^^rmmmo 

[02 4] :^stm(Dmi<Dmm(Diffmr3.mmmm\z^^. x>r-:^^;i/- ^^Kxe-* • v>;xA(D^ig5^j^o:)yp 

[02 6] *fge«CDmi<;)fi8«<Dffjg?^||S6J^^tCcfc^, ^"i^Kxe-* • vXT^ACDmSSPiJ^CDyP 

^;/i'0. 



12 4] 



ft 

(B26) 



Sn AUX CD DVB DVD 

— i i ■■■ i_ 



50 vmz 



r <> 





• 1 


j 









I«5-</<Btt (0 25) 



S/PDIF 



6x 48 KKz 
20/24 \LvY 



8x 48 KHs 
24 e^h 12S 



dx 390 KHz 
24 evh 12S 



7 7 



N X 390 KK^ 



[02 5] 



50 MHz 



<H23) <fc»; 



i 



n X 390 KHz 



SOMHzPWM 
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(39) 



[02 6] 



<B23) 



(40) 



OH INTfiRNAnONAL APPLICATION PUBLBSHIItt VKOEfl TOE VXtKNT COOteXUnON •HOMY fPCI) 
(I9> WBi1d]KlcOBCfvaCPi«|KrtyQc|^f]sailw 




(43t lu»n»^kHMlPubtlakflon D««« 
J October 2O02 (Q3,t020m 



(}•) bitemntfofiaf PuMciMtan Nwnter 

WO 02/078388 A2 



Unnudaaal Patrat CtearitotiM^: 



(H) Nwrt BH — a l nmt DMK Z7 MsiA 31102 (371KI.31K\ 
(te) PuMcatiM Li«8«Mita ISfifleiA 



F*r\-illc A^WRQc. Qunbdilgc CB4 ill? tCfflJ. GOl^DIE, 

CIH igv KM). CASTDK, Mwrfc. GMtrf l<i»VCM»h 
TO DtifcHi WUk. CaniMd^ CBA HQI^ (Gfl). HKMCK, 
Irvkf. AlTMMlcr fOMOBI; 26 BwlatbiiMa Ciom. Cm. 
blK^e CB4 3HW fC»>. tumSp INSOB]'. 7? 

Udcta Sisost. rasferfdfic Oil lift. f.a8>. KVAM, Da«Mi, 
TIkmm* i(flMiK|-. 4i MnUlattd \n^v^. <-^^hn6f« CM 

Bluiijanif CSiMiL SuflFn*^ VAikka. Eiwit CBtl '8»{ 
(OD). 



C«ni.H«ar?er«L; J A 

Stjnarr, Cttos'slim, I JwJm Wf MR 



ITEO LtilMJBt; St li^B'a Inaovaikvi Ccaacw Ccwlzjr 
9otA. OaibfUltf CIH 0W;» (W). 



I Paul, TlMau0 fGK/TtB]: 7» Owj*t Suwl C«»tori<}ec 



(U} Dtaifuntf SmiA {tHuf^vutff. AB, AC. Al^ AM. AT, AlT, 
AZ. BA, BB. BC, BR.BY. BZ. CA. ai. CM. CD. at. CU, 
C£. Mi. OR. IM. UC Ui. US. II <». UO. Uti. OH. 

<;m. mk, mj. ii>. » . w« is. ji>. tai, kp. kk, k/. tx:. 

I X, 1 tj:, 1 J, Y JT, l.V. MA. MO. Ma MK, MN. MW, 
hGL. MZ. NO, NZ. OM. Ml, PL, FT. KO. WT. SD. 5C. Sft 
SL SK. Tl, TM, TM, TR. TT. 12. IIA, UO. VS, 



[ (Siinou Mini«ji>AN»ApmRAi't]^iT>crfiiiAri:A scji.»«» i-iiiiJ3 




^ Tba •wail GcU ins> cvRitxwr c vllivdcd htotn. TtMrmvcd hcam vc a Mioulalrt! onpn. In ■ firu upci.-f . {Sdsys ndOcd vuuthI 

^ ihtdtkys eeUed to «<Muid cbaiueb. In t. (tiiftt aspect. (fiOercat ^*>i«dow touAinis oe iictf^ to eacb«tunnel lo give iiOfoyved 
^ ffexihilkiy nf uk. In • fourth a^wct, a sn»ili«r exi«ni «f traRsdaouy K omI inp oUfXii hr^f) /hM|BMCtef itum oie ushI <a o<flii«t bw 

1^ ttMMliji»niitp»r>UedtoFiM2>itidJiiuu>ivbyin« h'>«Mi«4Kxi.aUMrflMMmK«rwcMata1lBlRimurh^ 
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WO 02/07838$ A2 



(M Ihta^lMH^ Stow f/t^tfiMoQi f\Km> yMoni (fM. OM, rkMMMki 

KtL f.S, Mfc. MZ. ax Sf. SZ, r/, IK», ZM, /W. — v^aAMWMM:fiid(iWrtu»An$wv<ftii/f.>/jvn-/wMvAn/ 
liwnsww. inJcT.u*. W, fcV, WV KZ. Ml>- W?. T>. TM'S. (jfrAitf /^xvt 

Eun^u TwlMi <Ar. BE. Cn, CV, OR DK ES, FJ, FR. 

CP, IE. IT. LV, MC. NU FT, SB. TR). OAPl futtcM Far nso-i*iter codes ^i»r obi^i»viaat!nt. rtlerto the '^hod' 
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METBOD AND APPARATUS TO CRBATE A SOCNp yn^JJt 

This inveAdoc relates Co steetsbie acouscic antenflse, sad oonceoM in 
parficutar digital etectromcaUy-stecr^Ie acoo^c «ntamae. 
5 Phased array antsnnac «re w«U ksowa m the art lo both Ibe riDOtromogDetic 

andHw ultrasonic acomtic fields. Tbeyorelest wtUlcoowq, but«xistBLSiiBpfe 
fonni; in ^ sooic (audible) acoustic area. These latter are relath-ely cnufe. and the 
imreniioo aeekfi (o provide inq;>rovemenls Folaled to & superior audio acousctc amy 
enable ofb^ng steerod so as to direct its out{mt more or l«sa at wUI. 
1 0 ' WO 96/3 1 0B6 describes a iysbesa whicZi itses a unary coded sigas! &> drive a 

aaarmyof otiiputtRDisducM. Eacbtnosducviscapiilkieof cieatiogftsou^ 
pressuze pnbe and iff not «b]e to repiodncc tbc wiioJe of ibe agnsl !o be cuiput. 

A first aspect of (he present invrntion addresses the piobleui that can arife 
when matlipje ebanods Are ou^rt by a aingte amy of oix^t uaDadacos with eat^ 
15 ciiaimcl being directed in a diCfo«iit dirc«tioii. Due to the fact fyat each cbatwiA 
tikes a differeot patfa to the listener, Qw chazmels can be audibty otit of syncbrooisai 
viteu tbey Arrive at Oie laHtaner'w^ posiiioa 

In aceordaoce yritb the fint aspect, tticrs is pnmded a mefiiod of creafiiig a 
fioiad fidd eoisprisins apfundity of dBuaele of sound uang an amy of output 
20 transducers, said method conoimsizf g: 

fior each channel, selecting a fiist delay vaioe in. respect of each output 
transducer, said Srst delay value beaig dwsen in accordance with fte posticn jd the 
aix&y of the rei^Msc^ive txanadufier; 

wlecGxig a aecond OBl^y vvilne ftr eadi cbanoeL nid secoaod delay value 
25 benog chosen in accofdance with the expected bsveitingdiB^^ 
that channel torn said array to a Usteper> 

obtainingt id respect o teach oa^nit traosducer, « delayed r^liea of a sigoal 
rqnveenUng each channel, each delayed reptica bung delayed by a vatne havixig a 
&3t ccnjpaneiit coiopriaiiig said &A delay vahie and « seoov^ 
30 ootnpiismg said seeood delay value. 
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Also in socofdance with the first aspect of the mvmtiaii there is jmnrided 
apfnsatiis for eK«8tiag a wund fidd compxiaing: 

a plurality of inpots for aplntality of Tcapective sigiuils representfiig iSffejnnt 
aotmd chanoels; 
5 m amy of out^nit transdocm; 

replicatioo vwam anscged to obtain, in n«pect of esach ou^ut tranaduoer, » 
rq^ce of each r«iqx!ctiv« input ngnaJ; 

first delay means acmnged to d&lay each lephcz of each signal by a nspccdcvc 
&Bt delay value cboson in acconlance with ibe position in du arra>- of die reapootive 
10 'ouQNittmuducm; 

second dday means amaoged to delay each replica of eacb sigiud by asecond 
<May vatoe chos«a for each chaonej in accordance wilh ibe eicpected travelling 
distance of soijnd waves of that chacoel &om the amy to a li^enor. 

ThuB, there is provided a mtihod aad j^^pairausa for af^lying two types of 
15 d^ay to each sound ehaniiDl to aUeviate Ibe ef&cl of dUXcceid 
eacb chaxmoL 

A second aspect of the invention addresses the prableoL Ifaal arisea in mdio- 
visnaJ afvplications of (he aizay of ou^t transducers. Due to Sie various delays (hat 
often need to be (q[)plied lo the channels to create the desired effects^ the sound 
20 channels can lag &ebjiid the vidw pictures noticeably, 

AocQiding to die second aspect of the mvention. there is provided a mdhod 
of providing temporal correqxnidence between pictures and sound in an audio-visual 
prescataiioo using an array of output tnmsdocento rspiodiiee the aonnd content 
oompnaiits ^ phiraJiiy of cfaannela, aaid mediod conqinszng: 
25 delaying, in nsspect of each output tmnsducer, a r^iica of each signal 

r^res€3)jlin.g a aocod channev by arc^KC^ve audio dday -vaJoae; 

d^aying a video signal by a ^dco delay value calculatisd so conesponding 
video pictures are displaced at'substantiaUy the time the temporally coiccapandbkg 
sound chanoeli reach the tistaner. 
3G Furrier, in accordance with dlie second a^ect of die present inveodon, there 
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is provided i|>piiitfus to provide tenpof cd oooeapondeDce botweoi piotures and a 
phirefity of flotind cboiutels is an eadio-visotit presentation comprising: 

an array otoutpiit ti^iosducccs; 

repUcatioB. aod de^ay means uxanged to obtaizt, ia respect of each output 
5 (ranaducer, a delayed repJjca of oach rignal rcpteaenting a sound rii«anpl; 
v^oo detey nieans iiranged lo delay a coireqxKufing vidoo d 
delay value calculated so cotre^nradtag: video pictursa are diqilayed ftC subatsntiaSy 
the time the tei7ipoiat}>' comspaa^n^ soixad chacnsls reach the iistaicr. 

TbiH aspect of the inveotioa Uois aUows the video and sound channels to 
10 'airiveflttte viowoiVateaaaClhacoitecttimeCieiiit^^ 
one another) 

A tfaird aspect of tba prosent inveotioji addi«ssw tbe pnobJem Omdiifymnt 
aonsd channels may have dilfermicont^ts «ad tinis tbaoa?e dieted noeds in 
tenoa of the direcfivity to be achieved by any paxticolar beam rapreseotfng a souad 
IS channet. 

Acoordinsly. the third aspect of the tAveatiod picvjdes a meOiod of creatins a 
sound 5e(d cxunpriBing a pknaUty of cbamels of aound a^g an array of ou%ntt 
tranaducen, said meibod oompciaiag: 

ibr each channel, obtainiiig, in rei^t of each oidpiit bansdocer^ erepUcaof a 
20 signal represeidiEigaBidcbaDn^aoaa to oWaia a set of »pHca signals S:^ 
channel; 

spplying a fiist window fiinetion to a fxst set of tq^ilica aigEu{» odgiEHUiiig 
Sxm a fust sound chaaod signal; 

a^ppiying a second, diffeifint, window Ametioii to a second set o f rqilica 
25 ngoals origiaadog fiom a second soiind channel signal. 

Fixrtber, in acconfttice tvifh the Quid aspect of cbe iavoiCfon, dierv is provided 
^paratus to create a aonsd field compnsioff apJiimlity of channels of sound, 
coo^iaistzig: 

am amy of outpm transducers; 
30 location means ftrpnmdinfe in respect of each oofputt^^ 
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of a digpat xQpresentiDg each of said plurali^ of chazmi^; 

windo'K'iQg means ibr i^tyiqg a fast window function to a fist s«r of lapHca 
signals origEoatang from a Qrst sound chanxiel sxptsii and fsxc 9pp{y'm% a s«cond» 
difiennt. window iunction to a second set of r^Iica signajfi origjoating £rom a 
5 second cjisnnel sieoa]. 

This ae^Mct fherefore alSows dififereoi window fimctions to be af^tied to 
diCEereni sound cfaAnoote giving a more desM field and maldiig it easier to 

aiigiuA ibit volume of eadi sound duamd indepeadentjy. 

A fourth asp«ct offbe inventioa ad<fres8«$ the problem that a Urge army i& 
1 0 ' toquired to direct low fi-oqueacies whereas a smaUci- amy can dircd b)^ fivqueoctoa 
to the same accuracy. Furtb^ . low frequradcs require higfocrpower thao high 
fioquencies. 

la acoordasce with the Cbicth aspect of the mvootiods there is provided i 
method of creating a sound field using an arcay of oo^ui tramiducers» said mefhod 
15 coaqjoatng: 

dividmg en inpiit signal into at least a low fieqnency coraponent and a bigih. 
frequency component; 

osiflg output iraiisdacers spanoing a fint portion of Hxe anvy to oulpot said 
low fiequmcy oon^Nnient; and 
20 uaiog ou^iit fran&duceri ^xanoing a secc»id portion of said amy smaller fban 

said firstpoitku) to ouEtput said hi^ &eqacacy compon^t. 

Further in acconiance widi the fourth aspect of ifae ioventkm <here is provided 
apparalns for creating a so^ field cosnpiising: 

an «cray of ooipot tranaducns wlm«m in a first area of amy the cni4iut 
25 transducers are more densely padced jban in the remainder of aaid amty. 

This aspect thwefioe allows all the fiequmcies to be ou^ut^i^ 1Ae desired 
direc^vity ustug an ef&cient nvtmbar of output tracedvu^cxs. 

A fifth at^pect of the inveotion relates to an c£E!cient configoraiion ofamiy 
which can direct sound subataottslly within a desired planet. 
30 In accordance with Ifae Gilhaqiect of ^invention there is piovi^ 
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of cniyMAnranadncm jpowtionecliiext to «ach other in a lin^ w]]^«ijt each of said 
outpul transducers has a dimensioam (he direction p«speiidieular to <taid fine lA^tr 
than tke dizseztsiOD pmBilej to said line. 

The above described configuiatioo is particularly asefid since die sound is 
5 pfimarilyconcentEaMdinaplaneextBDdi&eluxizf^^ 

The oonoentratioo to a plane i« achieved due to (be elongMe nature oflfaeiiKUvidaBl 
transduceis and the diracttvity is achieved due to die phuality of tosdueen in die 
arrqr- 

Tht sixth aspect of (be inventiQD addnsssea tiie twed to dicect narrow or broad 
10 'beams to a do&ied position uaiBSieSective or xcaoaaittaarjBKni^ 
Msas desire. 

In aocardance'with the sixlh aspect of the preaem inventlaD there is provided 
A method of cauaing phirel foput slgcuils rcpr^^tfuig respoctive cbsmels to appear 
to emanate from tospective differeot positions in space, said ntetfaod coc4)risine: 
IS providing a soinid reileothre or resomut sorfiioe at ea(^ ofaaid poBitioKtt m 

4>ace; 

piovidins tax amy of output transducers distal fron said positioiu in i^ioca; 

and 

direiA't^ using said amy of ociput traosducers^ aound wtves of each channel 
20 to^ard^tbo respective pOBittco in space to cause said sound waves to be te- 

tiaaamtted by said reHective or resonant mtrfoce^ said sonnd waves bein; focusaed at 
a podtkm in tptcc in fiont oC or behind, mid reflectivo or xesonant Burfaoe; 

said step of t&recting coraptising: 

obtaining, in respect of each transducer, a delayed repfica of each input ^gnal 
25 delayed by a respective delay selected in ficcordasce with the position m iba acray of 
the respective output transducer and said respective focus position wch that the 
taxad waves of the dianndl are difiected towards dis fboua positioD in reflect of that 
chanod; 

Kumming. in respect of each ttansdocer, the respective delayed replicas of 
30 each inpotsigDBliopnxlgoeanotilpattisDa!; and 
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routing tiw output signttJs bo the T^pective li^nsducers. 

Further xc accordance witit tbe sixQi aspect of the present invei^oii there is 
pzo^ided an apparatus for causing plural input signals rqpresenting xeq)octiv« 
dunoelfi to «ppisss to eoMnate fironi nspecUve difierait positioms in spiico, said 
5 Bppantns ccrnqKimng: 

a sound reflective or lesooant EuiSKe at each of said po«itioas xa apsce; 

m airay of oolpul transducers distal frosm siud positions in space; and 

a c<»itn>ttcr for directing, using said airafy' of outjmt tisoBduco^. sound waves 
of each channel towards Utot channel's rcGpective position in space such thai aaid 
10 'Boimd waves arsie^iananutted by said reOective or Feaooaittsui:^^ 

waves being A>cussed at apoRtkm iD space in fiost or bdund, said'refleetxvaor 
resonant suxface; 

said ooDtroUcr compming: 

rqjiication and delay xnesns arranged to obtaiii, in rt»pect of eadi tzanaducer, 
15 a delayed replica of Vbe isxpvit signal delayed by « respectivo delay eelcctcd in 

acoozdanoe wHh tiiep<»i(3on in the array of the r«pective output traoaducer and the 
icapsctive fbcns position such tttat tbe sound waves of Ae channel are diztcled 
towards the fbcus position in respect ofthM mpuf signaj; 

adder means arranged to sum. in re^ec^t of each transducer, the reqxwtive 
20 delayed i^licas of each input signal to produce an output signal; and 

means to loiito the ou^ut signals lo the ToapKSiYc iTaasdactrs such that flie 
channel sound waves are directed towards the focus position io respect of that iuput 

The sixth a^ectof&etDvaition allows a narrow or broad beam to be re- 
25 ti;an^tt»! in accordance wift the focua position betogf^wseiibei^ 
the rcaector/resooatoc , 

The sevenSh aqiect of the kvention addresses the ^blem thai it can be 
diificoU to detemuoo ttcactly whe» sound is directed or foooased and dure is a 
FequireKoeat for an intuitive inelhod wbicb allows aa operidcr to o(mtrol (with' 
30 Ssedback) where the sound is directod or fbcussed. 
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La w»oFdance with the seventh aspect of the present invegiUcD iiiere ia 
provided a metbod of «electixis a directioD in which to locus sound, said msdiod 
comprising; 

pointing a. video camoa in the desired dircctiojQ, using the view&uSer or oOier 
5 scTDflh ^jseas to ddemuno if tiie djroctioa is that desonad; 

c&lculatii^ a,phirality of signal del9ys to bs api^ed to o set of zeplicas of an 
ii^ttt signal so as to direct soond in the selected diiw^ 

Fnrdier in aouvdancB with the seventh aspect of dte preseol in vei^^ 
provided a method of deterauning where aoond is direcied, said xnelfaod compicisins: 
10 ' automatically adjusting file diitction in which B video cainerapointe 
accocdance with the diractiofl in which sound is tlirscted; 

diacetning ftom Ifae viewfinder or othor acReii means -vvhich direction the 
cainera is potntiJig in. 

Ftntbecmore in aocordance wiOi the sewevth aspect of the pFesent inventifm 
15 there is provided an appannu for setting ttp or monitonng a soim 
an aiiay of output transducers; 
a directable video camera; 

taeaos controning said array of output transducers and said video camera such 
UoBt said video camen points in fliosame direcdoa as a sound beamfitsn said amy 
20 19 directed. 

The saventh aspect of the invmtiofi Aus allows a user to detezmise where 
sound is dfrected in an intuitive and easy manner. 

Generally^ iba invectlini is applicable to apteGscaldy fully distal steenublA 
25 acDustieplissBdaixsy amenna (a Digital Phaaed^AaayAntaana^ or DPAA)8ysteni 
comprising a phmaity of spetially-dislribfutied some electzoaooustic (ransdncos 

(SHTs) arranged in a two-dimmsibQal azrsy and each connected to the same digital 
signal input \^ an inpuit ugo&t Distributor which modt&es <he isput sign^ prior to 
ibeding it to each SET in oidK to achieve the desmsd dlrectionAl eOecl. 
30 The various possibilities inherent in this, and the versioos that are actually 
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prefeovdi wiU be seen fix>m the following:. 

The SETs aie prefbi^ly airansed in a plane or curved sorfbce (a Sut&ce), 
rather dian raDCotaiy in spsce. Tbey aiay also, however, ba in the Xcara of a 2- 
dimannoDal stadE of two or more adjaceiLt sub-amys - two or more closel^-^paced 
5 paralld plane or curved arafic»8 located oDcbdund the nex^ 

WiQun A SodSuMthe SETk jnaknig up Hie vxxvy mpn&nbiy dosdy spaced, 
and ideally compfecety £21 tfae overall aateoita apertxac. Thts is iazptrat^cs] VfiOt teal 
drciilat -section SHTs but mvy be achieved wifli triangular, square or hcxagoiUkl 
section SETb, or in geaeral with any section which tiles tike plane. Wbeie fte SET 

10 '8ect)oinsdo]K»taeCbeplaae.aoloseappTOxui)atiQnioafiUedap^ 

achieved by makiiis the arra^ in (he fbca of a stadc or amya • ie* tfareeilimeasunul - 
where at least one additioDal Surface of SETs is nxoBiHed Wiind at least txie oUier 
such Surlaccr and the SBTsio the or each rearward BRayradUitehetweai the £i^m 
^ Bxmtward amty(s}. 

1 5 The SETs az« pie£n%b2y similar, and idealiy fhcy are idesitical. Tbey are, of 

ooiuse; sookf - that la, audio - devices, atid most preferab^ tbay are jd>lB uoz&oinly to 
cover 4ie entire audio band from perhaps as low as (or lower thnn) 20Hz, to as much 
as 2<lKHz or more (the Audio Band). Alternatively, there can be used SETs of 
diSecent sonic capabilities but together covering the entire range deaixedl. Thus, 

20 multiple di^&rait SETe may be phyricaliy grouped together to fbnn a composite 
SET (CSET) whexein (be groups of diiTerent SBTs tngettier can coves: the Axidio 
Band even though itie individwl SETs cannot As a finihcc variant, SETs each 
capiibte of only partial Atidio Band Govecage can be not ffvaped but instead scaciered 
thro'dgbout the asray with eoou^ variatjon araongsf (he SBTs tiuU tlie easy as a 

25 whole haa complct© or mons ncaiiy complete coverage of the Audio Band. 

An alternative form of CSET contains eevmi (typically two) identicBl 
tran»htcer8, each driven by ttie same signaL Ibis rediices ifae complexity of the 
required signal procesauig aad'drive eteemxiica wiiile tetaining txamy of the 
advanhiKes of a large DPAA. Where the position of a CSET is refb^ed to 

30 heieinftfter, it is to be uodoratood that this position is ^centroid 



4$S2004-531125 



(50) 



'9- 

wholc^ U]» centre of gnvlty of aU of the iodividud SlSXs maldiig die CSBT. 

Withm a Surftce tfae qiacingof thcSETc or CSBT (horeiiiaiter th« two are 
deutedjust by SBTs) - that is, the gaieral Igyoot ai^ structure of the array and the 
my tbe indivkiuai transducOT arc disposed thesrein - is preferably regular, and fiioir 
5 disMbutionabctuttfaBSur&coifidesnablysyniiiiet^^ Thus, tbc SETs are most 
jMC&rably spaced in a tritt}gul8i,aqaaEC or heugooAJ lattice The type and 
orieniaikni of the lattice can be choseB to contra! fbe 6pacui& and diiection of «d»- 
lobes. 

Tbot^ not essential, ea6h SET preferably bas an omnidiiectionBl 

1 0 ' iiqntl/'ou^mt cha^oteristic in at least a. bemi^here at all aound wavelengths which it 
iG capable oCeSactively radialing (or recexving). 

Each output SET may take oi^ omveiueDt or desired Jbxm of sound radiating 
dnice (for ocample, a conventioiial JoudGpedEci), and tbon^ Qipy are all prriecably 
tfae same tbeycauld be dtfEensot The loudspeakers may be of the type known as 

1 5 piatoitic acMistic tadiators (wh^vin dio trans(h»^ di^lu^m is moved by a piston) 
ezid in auch a ca&e the maxinxum radial extent of tbe pjatoD-radlatoiiv (eg, tbe effective 
pSston diameiar for ciixiulflr S£l^) of (he iodividuatl SETa ie prefenbty m small aa 
possibly and ideaUy is as snull aa or amaUei than the acoua^c wavetengidi of t3ie 
highest fiequency in the Aodio B«id (eg in air, 20KHz sound waves have a 

20 waveieag& of c^ioxiniateJy 1 7mm, so for circular puitonic transducefB, a maxizmnn 
diameter of about 1 7mm is pre&abie, Vkith a smaller size being prefened to ^sjsuce 
onmidirectioaality). 

Tbe overaU dhn^iona of the or each aizay of S£Ts in die plane of thiS amy 
are vecy ptre&cably diotec to be as great aa or greal^ thac the acoustic wavf^gtb in 

25 ail oflfaeknvestfivquency at which ttiaioleodedeosigmflauiliya^ 

radiation pattera of the amy. Thus, ifHisdeairBd tobeabletobeamorateer 
£:eq[$uncies as low as 300Hz, ^ec ^ sxray size, in tbe diioctioB al tig^ angles to 
each plaae in wliicb Peering or beaming is requxred. sboUld be at leaat c»/ 300 * 1.1 
nwIrD (where ia die aooostic sound apead). 

30 The xnvention is applic^k to feSly ^tal ateenfcle aosiic^ andible acoustic 
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pba«ed ortey antemja sys^xn, and while die acma) trsnsdroeis canbe dtiveo by an 
aoalogtte signal most prcfer^ly they are drivea by a digital power amplifier. A 
typical sucb digital power axcpHHer incorpcvralos: a PCM eignBl ^npati a dock input 
(or a means of doiviog a «iock ficmi the input PCM ^igoal); aa oniiitit clotk, which 
5 is eifljArmtainally s<3Haated» or derived 

outpnol ckx^ topot; and aa opdonal output lex'd input, wbicb may be e^&et a distal 
(PCNt) signal or so analogue signal (in tbc latter c&so, this aaalo^e signal may also 
providediepower for thancpIifierou^> Acharocierifiticofadigltalpciwar . 
amplifier is that, befoae any opfkHcal onalogne ouiput fiHenngi its output is discrete 

10 'valued and stepwise contnuious, and can only chaoge level at iniervala wldchTaalch 
the output ciodk period. The discrate output values are controlled hy the optional 
output level input, where provided. For PVb*M-baaed digital anr^>liCers, Ibe output 
signal's average value over any {oteger tauHipk: iopui atopic period is 
representative of d&e input signal. For other digital soipUfieR. tfie oolput signal's 

L S awxage value tends towatds Ibe input signal's avesase value over periods greater 
tihacL ttie input saaple penod. PreCorcd fwms of digital power amplifier include 
bipolar puJse widtfa modfilston. and one-bit binary modnlattKs. 

Tbe use of a dijifa] power an^liiler avoids fhe more cacomon requlmneint - 
ibtrnd in mo5>t so-called "^digital" systmis - to provide a digitstt-to-analogue converter 

20 (PAC) and a linear power ampli£«r for each transducer drive cbannel, sod therefore 
the power drive eCRciency can. be very high. Moreovn, as most moving coU acoustic 
transducers are inhereotiy indactiveT and xnechsmcaUy act quite effectively as low 
pa«s filters, it may be unoecessai-y to add elabc^ate electronic tow-pass fittedng 
between the digital drive ciscuiuy and the SETs. In odier words, ittc SCTs can be 

25 directly drivCT. with digital signals. 

The DPAA has one or more digital input terminals (Xfipms). Wlwn more than 
one input tixtzninal is picseni; it is niaussary to provide nie^ 
signal to flte individual SBTs. ' 

This be done by connecting each of &e hpms to each of the SBTs via 

30 one or mcffo input signal Oistributoff. At the most bask, an izqnit assad is &d to & 
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single Distribmor, and that single Dutributoir has t sqiuvte oitipul to each of tlu 
SETs (and tfaesigaa] it outputs is niitably modified, as diseuned iMieiiiafter, to 
achieve tlie cod desirBd). Altecnativcly, there may be a. ncrobcr of dhmhr 
Distzibatois, each takixig the, or pozt of fee, input dgaa], or sepsnic issptH signals^ 
5 ami. then each piovidiag a stjparateou^ to each of tiie Sin's (and m 

signal it out[Hits is amtably modified, witfi ihe Distributor, as discussed berciDafter, to 
achieve tte eod deairedO' In itau latter case- a pho&IiQrofDislxibutocs each &edn^ 
all the SETb - the outputs finnm eacb Distribmoar to any one SET have to be 
ocmbinod, atod cooveoiaiHy tids i» done by an addor dicsil prior lo aay funher 

10 ' fiM>di6cation &ic reffuUant £aed may undergo. 

The Input tenziinals piefeiably leceive one or more digital aignala 
tepieaeataliveoftlwaauiidarsoandslobelufiMlL^ Of 
eottzse, (he OK^sinal eleclrical signal defining the aouod to beTadiatedmiy be in an 
analogue fonru axid tifiKwforo ifac system of the invcation amy iwdude ow: or more 

1 5 anatogue-tt>-digitaI coixvenerB <AIK^) co&nect^ e&di beti^reeri m auxi liaty aoak?gve 
input terminal (Analogue Ii^ut) and one of die Izqwts, Ibns aHowing the converaozi 
of these extersal anajogce electiicaJ ngTUkls to intomal digital electrical £igoAl8> each, 
with a specific (and appxopriaie) sample nte F%. And tin», wifhln ibe DFAA, 
beyond the InputSi die sigaab hazidled are thse-aaaapled digital signala 

20 representative of the sound waveftHm wKvefiTnna to be reproduced by die DPAA. 
The DPAA of dieinveirtioia tncoipoxatos a DiBtribator\^4Bt:h modifies die 
inptA signal prior to feeding it to eadi SBT in order to aclueve tiiie desired directional 
efTect A Distributor is a digital device, or piece of software, 'with one input and 
cDitltipia <»tpt(t8. Que offbeDPAA'sTniintSigpate is ibd into its input. ItpreCnnibly 

25 has one oti^ for each SET; aUematively,cneoc^;Hit can be shared amoDgBt a 
mmiber of flieSBTs or the elenuxUB of aCSET. Tbe DiacdbnfcMr aaida gcDeratly 
<£fGsreatly modified vmaons of the input signal to e&cS) of its on^nils. The 
siodificatioxu can be either fixed, crr'adjustabJe using a coDtrot system. The 
modifcatioos cairied oat by the distnbutor can comprise applying a sign^ delay, 

30 applying ampUtudeoointrolaad/orBf^uatablydigitsiayfiltm These modificationa 
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onay be carried out by eigna} delay means (SDM), aaiplitads coQtrcH m«g» (ACM) 
and adju&tidile digiial fUtezs (A0Fi} which are re^qiecUvely tocated wiChitt the 
Z>istnbucor. It is to be noted that die ADKs can be arrBoged to apply del^ to tlie 
signal by a{^opnate choice of iUler coeiSciente. Pnifher. this delay can b& tDside 
5 fi»qiuiicydq;eadentsiichfhatdi£G:rentfteqi^^ 

difierasit amounts andihe filter can piodnce tiie «£bclof ttie mm of aayauivAtaof 
sttcb d^ayed voRions of the si^i. The ienns "delxyins" ^ "delayed* osed berdn 
sboutd be constrned as incofporating the type of delays applied by ADF3 as wll as 
£»DM& The delays can be of any oaefiii duradon ictcJudiog isero^ bat in gBoeraI» at 

]0 * least osoenpHcated it^t aigiMiI is debsyed by t nou-zao value. 

Hie signal ^ay meaiia (SDM) are vmDbU dtgltal sign^ (imeHielay 
dementa. Flcrft, bocauae these arc oot single-frequency , or narrow fivaqocncy-band, 
phase sh^mg elements but tme tune-de!j^, tiae DPAA will operate overn broad 
ftequmicy band (eg the Audio Band). There tforf be steaias to at^ust the delays 

25 between A gi vim 2z^>ut teniiuja} aiid escb 5BT, and adx'aiitag^ 

separately adjustable delay means for each lapm/SET ctmibmadoa. 

The miminuni delay possible for a given digiCa} sigaat is pre&nbiy as small 
or smaller than T„ that signal's sampte pcaiod; tiw fiiaxtiaum d^y possible zhr a 
giveu digrt&I signal sboutd prejeiab)y be cboani to be » larse as or large^ than T^, tbe 

20 time takot &r sound to cn>ss the transducer airay bscdss its greatest lateral exieat, 
Dkm, wheie Te ~D,dx ^ Ca-nhecec^is tiiespeedof soimdia air. Most prdetab2y; the 
smaUest incremental change in dal&y possible for a given digital signd attovlid be no 
larger (ban that aignat^s saoipie pedod. Otherwise; ii>tei{M3iIatiOfi of the aigual is 
necessary. 

25 The ac^Utude cootToi means (ACM) is convenieotly ixi^lcmentad as distal 

annpUtude control n&eans ior the purposes of gcoss beam shape jnodtficatioti. It may 
OBxapnss^ an ampHSer or ahcmator so as to increase or decrease the noagnjtade of an 
output signal. Like the SDM, 'there is pretoably «i adjuslabJe ACtA for eadi 
Ii^ul/SET comlniMtton. The amplitude cotsistA means is preferably eiranged to 

30 Bf^ly dtSmnganiplitxideeoaitrol to each sjgaa] output fi^ 
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co«m(eract for the facl that the DPAA is (tf finite size by using a windov Smctxan. 
This i$ GonvenieQtly acbi'ev«d by ooRneKstBg die magaitude of each cu^at signal m 
accotdaiu^e » prrfofined cwvc such as a Oa^sisn cwve or o ndsed cosine 
curve, Tbus, ia geaeral, output signals desnzi^ ibr SBTs near the ceotie of tfie anay 
5 win not be significaQtly affected but those near to ffae penmetor of Itn «nay will be 
atteaoflted acconEng to bow near Id tine edj^e of Ifae array ibey are. 

Anotfaer way of xaodtfying the sisnat uses digital filters (ADF> wiioae group 
delay aod magnitude re^ocse vary in a ^cctfied way as a fiatctiQiiaf fiequesicy 
(rather ihss juBt a sisnple lime d^&y or \evel cbonge) - aia^le dday elcanenta may be 

10 used in injpJcineQtiQii ibcse filths to redtice the J3«cessaiycoi^ This 
^roacJi allocs conltol of fhe DPAA radiadoa pattern as a funcUon of frequeocy 
-wtaacli ailowa coutcal of the ndialiozi pattetn of the DPAA lo be adjuated aepvately 
in difibrail fi«queiKy bmids (v^iicb is useflsd because fte size 
DPAA ladiating area, and tfaiu its directicmaltty* ia odiei-wise a atroag tUncticnof 

1 5 fiequency). For &ssijaple, for a DPAA of say 2iii exteo \ ils low frequent^ cut-olf (ftir 
direcdonalify) is aroiwd Hxc ISOBz rcgjoo, and as the buman ear lias difficulty in 
detoaniniDg diraccicMiali^ of sounds at such a kyw ficquuMy it may be more uaefiil 
not fo app^ 'Iwam-^Aeering" detays and aoipttiude weighting at sudi lour fhsquenicioa 
but nstead to go for an optbnivBd output level Addftionaliy, the use of £llcn may 

20 also allow some corapsnsafion dx uoeveoaeas in ttie Tsdiadoa paaop of each SET. 

The SDM delays. ACM gsaas and ADF coeXficieots can be fixed, varied in 
response to U»er ii^ut, qt under automatic oontn>L Pre£earebly, any dianges required 
while a <duinnel is in use aiv made in nuaiy Ba»U mowaajei^ 
isheaKL These incnanenis can be chosen to detuiepiedeCennined'ToUH^ 

25 ''attack" xateswhicbdeaccifae bow quicidlytbe.paramelm an able to cliiv 

Vllien» nor«tiunoi^ljDEpul is provided - ie tiiece are/ inputs / toj 

and ^hexe dure are N SETs, nomSeied 1 lo H is prefesable to provide a 5<^arate 
and separately-adiustable delay, aoiplitade control end/or Alter nieana (where/ = 
Itoln'^JtoN, between each ofl^w / ioputs and each of tiieiVSETa) fox each 

30 combination. For each SBT then an tbus/d^yed or filteasd digital atgnals^ one 
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frcmi eadi of tbo Inputs via the sq^azate Dislxibutor. to be eombmodbefon 
af^licatiflii to tibe SET. These are in goner&l N sqiarale SDMa, ACMs and/or AXff^ 
in each Di^bntor, one for «acb SST. As noted above, ttils combinatioo of di^ftl 
signals is conveniently done by digitid atgetnaic adttittoc of the /separBle delayed 
5 Bijpals - ie the signal to each SET is « linear comlraDBtiQn oftepeaHttAy niodiijed 
annals from each of the /Inputs. The nqtdranent to pecfoun digital addition of 
sigruls origin^iag fiom motelhan o/M^spat laeans that the digital sampiUiis rate 
converts (PSRCs) may coed to be (Bed, to synchnmize ihese external sigaeiA, as it 
is gttieially not msanin^u] tn perform digital addition oo two or more digital fugoals 

10 ' with difEcreBtclodc rates and/of phases. 

The jypAA system may bo used wHb a ranote-oootro) handset '{Handset) fbttt 
coramunicatss with the DPAA electronics (via wires, or radio or infilled or khqc 
other wtrel^s tecimoiogy) over a distance (ideally ftoro any^bwc hi the listening 
area of die DPAA), azid provides jnaouel control over all the major functiiMis of the 

1 5 I>PAA. Such a control sya^sn would he most iisefiil to provide the following 
Ainctions: 

1) sdectiota of wfaidh Xnpul($> are to be otmnscted to whscb Distnlniior, 

which znightadBO be teiroed a*Chancel*'; 
2} coniroJ of the fbcus positioKi and/or beam shape e^each Cbannri; 
20 3) control of the individual vofume>ievd settiaga for each Channel; and 

4) an inititd parameter sel-up u^ng the Handset fjaving a bnflt-tn 
niicroirticHie (eee JatCT), 
There may also be: 

means to interctmoect two or more micb DPAAs in order to cooidinjne 
2S their radiation patterns, their {bcussftig aad their optimization ptocodmes; 

nieaos to store aood recall sets of ddloys (for tiac DDGs) nnd &lter 
cocfiicienTs (for the ADFs); 

The 'arvdXdoD. will be &rther desctibed, by Yfsy of non-lioiitadve cxasnple 
oniy, wifli refbrence to the eccoospBaytng schematic diswii^ ia which:- 
30 Figure I ahonvs a represcntatum of a sinpld aingle^iziput apparatus; 
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Pigure 2 u ft block diitgram of a nmltipt&-input appaotus; 

Figun 3 is a block diagtam of a gcnenl puipoes DistrfiMxtor,. 

Figuro 4 is a block dii4;E8(B o£ a i\naa tetrsp^ts and a digital Bii4>}i&a- used 
IB prefbrred emboduiKnts of Qie present inventioD; 
5 Pigurs 5 6]K)w« the intoreonnectzon of sevoral air^a with cmnasm caaaol 

and iopui stages: 

Figured shows a Disnibutor in Kcordancc wifh die first aspect otthe^mstm 
invantian; 

Figures 7A to 7D show lour types of aoand firid vtkh may be acSiieved 
10 ' using tbe appajnacus of tbe iirst aspect of the p<reeent mventioo; 

Figtti& 8 shows tJaxee diSiereot beam paihs obtained wbeo three souao 
chanaela are diiected in difSstent drnctions in a room; 

Figure 9 shows an apparatus for flying a dday to each channel to account 
for dif&rant traveUiog difitaiDces; 
15 Figure I Osbows an apparatus A>r delaying a vidbos^gndia accordances 

tbe deliQ^ qiplied to the audio channels; 

Figures llAto I ID show various window functtons used to explain Uwtb^ 
aspect of the present i&ventioR; 

Figure \2 slums an appaiataia tat ippStyiiig difleroil window Atoctioxnt to 
ZO differenl chancels; 

Figiue 13 is a bfock diagram showing qjparahia c^)abte of shapif^ diffoeot 
fiequeocies in diffcEcot ways; 

Figuie 14 shows an vpparatata for routing difierenc fiequency bands to 
aeparale oidput tranadiVQEs; 
25 Figinre 15 abows an appsralaa for ranting di&MittepxeiK; 

overlapping sett of ouj^nt tranaducecs; 

Figure 16 bIiows a fioot vie^ of w arruy wift symbola xcfneaeniing the 
frequency bands which each transducer oo^uts; 

Figure 17 shows an ansy of output transducos bavmg a denser reeioD of 
30 bansducerc near the centre; m accordance wiOi the ibintb ttpect of fheinveotian; 
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Figure 1 8 shows & single transducer havhag an elongate streichire; 

Figure 19 shows an anoy of the tnnsducers in Figure IS; 

Figure 20 shows apian view of aa antty of outjHil iTHnsducers mad 
rafiectivef^rDSQoafli scweos to wniieve a sniroimd stnmd eSTo^ 
5 Figore 2 1 shows a pbs vxew of an amy of traosdaioeis mi peflecttveteaonaRt 

sttriiaces, with, beam pattwtw beii^ reflected from ibe surfeccs;; 

Figure 22 shows a sid« view of m atxay having a video camera Btt^died in 
accOTdance wi* dve seventh aspect of Ihe iovention; 

Figure 23 is a dravirkg of a typical set-Tip of a icmdqaeaker system in 
10 accoidazKe with the S»A aspect of Ibeptiesflistinventioit: 

Fignn 24 is a blodc diagram of a fixst pait of a difiitd loudqwd^ 
occorcfancKr wiOt a. pre fi ar e rf embodiinaiU of Hie irrst aspecl of flie piesent mv^adOK 

Figure 25 is a block o^gram of a second part ofa digitaJ loudspedcer system 
m accordeoce with a preferrecS smbodimeA of &e £rst aspect of the preseat 
IS iarveation; and 

FigUEe 26 ia a block diagram of a tiuFd part of a digital toodspeafcec systnn in 
accordance with a prdbired embodimenit of the first aqiect of ttie pKeceastinyeiitifm. 

The deacripDon aad Rgures provided hereinafter Bccessacily describe the 
20 invention vtmsg block diagrams, with each bb^ T^sceseiUiQg a hsadwate con:pooeot 
or s signal processing s^. The oivantioa could, ia psdociplev be realised by buildiiig 
fi^t^ pfaysicaJ compoaems to porfonn each stqp, and sotorcoimeoliDg thae as 
shown. Several of the Sic^ coold be impfanented ns&is dedicated otproEmmable 
insegra&ed cln:uita> possibly combming sevccal steps in one circoit. It will be 
25 undoretood &at ia practice it is likely to be stoat convenient lo iKsrfbtm seversi of the 
signal processing steps in soi!twaro, using Digital Signal Processors (DSPs) or 
goaenl purpose micio^oceasora. Sequeooos of alqps could Ibm. be pei&nnfid by 
separats processors or by sepiaate softwue routines sharing a DUctcprocessor, or bo 
ooRErbuied iiito a saigte jmistoe to iiJ^^ 
30 The Figures BeatcxaUy only sfaoK^ aodio signal path«; dodc and control 
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co&oections ux onu'ttsd for clarity unless aeoessaxy to coovfiy ti»idfia. Moreover, 
onty sxnah tnioibeR of SEXk, CSwswls, and their assodaf ed cucuxtiy acre dwmi, as 
diagrams b^ionae cluttsied and hard to iateipret if Ihe realiaticafiy Irnge nnnbera of 
elexnents art incloded. 
5 Before Oiero^pecthw aspects of the pioseidinveiitionsRdesc^^ 

uaeEiU to desaibe ooobodimenta of the 4>pan^ 
accoFdaace ^witfi any of (be scsjei^ve aspects. 

Toe block diagism of Figure 1 d^icts a simple DPAA. An input signal (lOt) 
feeds a Distributor (102) iviiose numy (6 in die drswing) ootpnts each cotmect 

10 ' tbioug^ optzonal amplifiers (103) to aulpnt SETs (104) which ore physically 

an9ii£ed to fonn a two-dstneononal anay (105). The XHsiriboioc auMiifies the stgnal 
ssat to each SET to produce tiic desired radiation pattern. Theare may be addifiosal 
processing steps bcficHV and attar the Z^stributor, as ilhistrated later. 

Figure 2 shows » DPAA with two input sigails (501^02) and three 

IS Distributors <50 3-505). Bistributor 503 treaifs the signal 501, whereas both 5M and 
505 treftttbeinpitf&ignAlS02. The outpiits fiYwn each Z3istribulorfbr oach S£T are 
Mumned by addcats <506). and pass fbscn^ ampUfiBn 103 to tbe SETs 104. 

Figure 3 shows the componects of a-Diatrihtttor. It has a soigle input sSgnai 
(IQ I) comings from the input cvrcnitcy and multiple outtpuls (802), one for each SET 

20 or gcoxtp of SET&. Ths pa& ^mlhe inpu^ (o each of the outputs contams a SDM 
C&03> and/or an A3>F (804) and/or an ACM (SOS). If the nwdificaiioas made in each 
signal are similar, the I>istribtttor cao be imj^aiaented mate eSBcient^ by 
inclnding global SDM, ACP and/or ACM stages (pftMOS) bdbre 9p]il£ag the 
signaL Ttaepararoecm of each of&e parts ofeadil^sbifautor can be varied under 

25 User or automatic control. Tbe control connccti«}s required ibr this are not shown. 

Figure 4 shxrvs possible power anq>iifierconitgurationa. In (mc option, the 
input digita! signal (1001), posnbfy from a Diathbutor or adder, passes ihioogfa a 
DAC (1 002) and e linear power ampliiier (1 003) with an optional gata/voinme 
coitfrol ii^ut (1004). rheoolpiitiised8 aSETorgcoupofSBT&(100S). foe 

30 pxefetred ocaxfiguratiotu thia lone iUiutrated &r two SET &Kds» the inpuls 0 006) 
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directly feed digital an^lifiers (1007) with optional global voltvne comrol input 
(lOOit). Th& global vohune control inputa can conveniently also serv« as tfie power 
supp}y to the output drive circuitiy. Tbfi disa:^s-Yalued digilal anophfier ovt^mte 
cpiioiwQy pass flnough acalogne low-pass fildeis (1 009) befiue nachiDg tbo SETs 
5 (1005). 

FigUEC S lUustialcs tbc intcictniimtiioxi of thiec ]>PAAs (1401). In dus case» 
Ihe inputs (1 402), iopot cin:«itr>- (1403) and control systems (1404) are Aired by all 
th»e DP AA6. The inpux cucmtr>' ami cantral system could eaiher be sepaiatety 
boused or tncoiporated mto one of Am DP AAs, with the others sctiog as slaves. 

10 ' Alteaitfivety,^ three DP./VAfioou]d be ideatkal. with the Todui^ 

slave DFAAs fsmty inactive. Thii set-np sllowa inaeasad power, and if the anvys 
are placed side by aide, bcttei directivity at tow (requcooies. 

The appsuratDS of Figures 6 and 7 A to 7D has the general stractiire shown in 
Figuze 1 . Figure 6 shows a j)fefecable Distnbutor (102) in fuifher detail 

15 AflCBDbes8aifiomFignre6,tliea:qmtsignaU10t)£8romedtaarepUcstaE 
<l504)by means of aniapiitteiiiuiiBl (1514). Hwrsplicslor (1504) has the function 
of copying the input signal a ^-detemuaed nvnnber of times and pn>vi<tiug the sanne 
signal at said pre-dctermlncd mimbsc of output teminals <1 5 1 S), EaohtqsBca of the 
itiput ^^;nal is then supplied to the means (1505) for modifying tt^ replicas. In 

20 genwai, the jnrans (1 506) for niodiiying the R^licas inchidoi signal delay means 
(1 508), amphnide control tnenns (1510) and adjustahle digital JUtenaaeflus (1512). 
However, it should be noted that the amplitude conttoJ means (1510) is purely 
optioival. Furth^, one or oQi^ of die sifipal delay meam (150S) and »d^'iisteb1e 
di^ta! Slier (1 5 12) may also be dispensed with. The most fundamental fonction of 

25 the means (1506) to modify r^hcaa is to provide that different r^iicas sie in some 
sense delayed by generally dificrent amoxmts. It is the choice of delays which 
determines the aound field achieved when tiie outptrt transducras (104) output Oie 
various delayed venions oif the input sigEial (101). The ddayed and profbably 
otbenvise mo^&ad i^iBcafi are out{mt jhun tbe Dis tribntar (1 02) via otztpnt 

30 tennina]a(l516). 
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As already mentioned, tbe choice of resiMCtive delays carried by each ^gnal 
delsy means <1 SOS) and/or each adjustable digital fiket (1522) critically inOaeapea 
the type of sound field wUch is adiieved In genoal, Ibeze an Ibnrparlieiilari)' 
advantsgeois sotnxi ileJds uiiidi call be Sofiarly 

5 

A iSistaound field is shown in Figure 7A. 

Hie airay (105) comprising the various vJipM traDsducere (104) ii Asywa in 
10 ' plan view. QQier rows of output tnuisdiKiers may be localetf above or t>efow the 
iUttstmedrcw. 

The ddatys i|>pUedto eachrqplicabvttaevarioiis signal delay means <S08) are 
art to be the aame vahw, eg 0 (in due case of a plane amy as iUustratnd), or to values 
tiiflCaieafiiDcAicDoftbedi^oftfaeS<!ufaoe(mt!Mce^ Hus 

15 pfodiK:es a roug^ily pareUel "b^ant" of sound rqp(rcseatattv« of die inpux signal (101), 
-wtti^ has a wa\'c front F parallet to tbe array (105), Tke radiation in die dii«ction of 
tibee beun (peipeadicuier to the wave &ont) is signifcantiy maro inteaftc ttmi in othec 
directioas, ihoueh in gcnctsl there will be "side lobes'* too. The aasmnption is that 
the anvy (1 05) has a pfayakal extent which is («e or «eveff«I wavelensths at tb^ 

20 iivqueanlBs of ioleie^ Thia iad means that Che ade lobes can gweralty be 
atf ennated or moved if neccKary by adjusbnent of the A.CMs or ADFs. 

The mode of opoation may generally be thoi^fat of as one in wfaidi the sxmy 
(1 05) mimicE a very large traditional lo-ddspeakar. Jul of the individual transducers 
(104) of the airay (10S> are qpcraied in pfaaae lo produce a ^yDzraetricalbeais with a 

2S priaraptodixectiQapccpeDdjcnlartoQieplaneoftheacny. The aonod field cbiaiaed 
win be veay similar to that which would be obtained if ft ^glelai^hHids|peai«r 
bawiBg a diameter O was used. 
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Hie first souEd aeld might be Chougbt ofvs e spocific example of 6w more 
genera] second scncid HeldL 

Here, delay eppJied to each replica by the fiigDal dcfiy means (3508) ot 
adjustable ilif^tai filter (I5I2) i« made to vary such IhM Ibe de]^ inennsea 
5 systonuficanyemoogrt tbetzansdiicers(104)m 

aufdceoffheanay. Hds is Ulwtnited in Figure 7B. Tlw delays applied to the 
varioiia signals before they are rooted to their Teq>^ 

\ie visualised in Figure 7B by the dotted lines extoiiding briiind the transdocer. A 
longer dotted hne r^resents a longeoc delay dme, hn genend, the pelataoagfaip 

to 'between the dotted Iraea and U^ieactool delay time win be d»"t.*cw 

lepreaetitfi the leastb of the doUed luw, t xepx«seiits Bie amount of del^i^iplied to 
the respective signal find c z^resents ttie speed of sound in lur. 

As can be scsq from Figure 7B, the delay's applied to the ou^iut transdccers 
increase linearly as you move firom left to right in Figure 7B. Thus, the signal routed 

15 to&et)raiisduoer(lO4a)hassabst8Dtiallyn0dd^yandthiuK 

(heaxray. Tl»sipialiDvtedto'QxtrBasducer(l<>4b)haaaaiiieUddayfl^^ 
ngnal is tfie seccr*d tft exit tbe vray. The delays applied to (he transdoceiv (104c, 
1 04d, 104e etc) ^uccessiv^y increase so that (hens is a fixed delay between the 
outputs of adjacent transducers. 

20 Such a series of delays prodoccs a roughly paiallel "beam" of sound similar to 

that prodaced for ths3rst soand Sehi except thai now the beam is angled by an 
anM>untdepeodegBtoo the amount of systematic delay m For 
very nmnW. delays (t„ « n) the beam direction, viill be vesy neatly ordiogOttal to 
the airay (105); for larger del aye (jnHX t^) - the beam can be steered to be nearly 

25 taogoitial to the sitrfacc. 

As already described, soundwaves can be directed without focussing by 
nhnoBing dedays such that ttieaame teEEi9<Hral pacts of the sound waves (those parts of 
the sound waves repiesexifing &e aame information) fiom each b^ns^uccr together 
foim a front F trave3^i)g in a patticuhEr direction. 

30 By reducmg&eanii^itiidesoftfacsignalspixaBnledbvaDistril]^^ 
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SETb located closer to the eclges of the may {nlatave to the amplitudes pmeoted to 
&e -SETS dhaar to tbe middk of the anrfiy), Ifae level of the «ide bbes (due to Hw 
finite airay size) in the r adiatioo pattom may be reduced. For example, a Gaussum or 
raised cosine oozve may be ujsed to detsDnine the air^{ttnde$ of tbt sigcols from each 
S SKI. A trade off is adiijevedbetwem adjusting for 1faee£^^ 
tiie decnaac m povrar due to Ihe xvdiiced amplibuiB 



10 mHtd$oui<i!jrww 

If the mgaaS delay ^lied by die d^ul delay means (1 S(W) and/or tbe 
ado|}4ive d'igitid fi\tx (1 512) is chosen siich thai tbe sum of fbe delay plug liie aound 
travel time &om tteit SET (104) to a chosen point ir. space io firani of the DPAA arc 
15 for all of the SETs the same value - ic. so that souad waves aarivc firom each of t!ic 
output transducer at Ifae chosen point as ca-pbase sounds <• Ibeii die DPAA may be 
cuuedio fixns sound at Siac point, P. Tidi is tlbistrated in Vi^an 7C. 

As can be seen fiom Figure 7C. the delft's q>plied at each of the output 
transducers (1048 through I04h) again iccreose^ alifaoogh this lime not linearly. This 
20 cau£esacinv«d wacvefiontP which coDvei^es on tbe focua point such that the sound 
intensity at aaid uound the focus point On aiegioQ of tSraeosnos rouflfbly equal to a 
wavelength of each of the spectnil componflala of (he aound) is oonsidenbly bsghor 
tfaan at oAer points zieacby. 

llie cakiilaiiozis seeded to ctolaui soond wsEve £&caa6iiig ca^ 
25 follows:- 



ftcal point posEtion vector, f ^ 
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position, ^ 



tnaaalt time Ssx ath traosduccr. = -^(f - p,)'^(l- p,) 
xei]uiieddel«yibre«chtnui«!ooer,Vn = 

' whexe A k a ccnstant oi&et to vmaz dwt all delayc are positive and hence reali«ab]e. 

The positiao of dK Axol poim msy be varied widely 
front of the DP AA by rjxtiitiky clioDsiag flie wt of ddq« as prevSousdy described. 

Figure 7D shows h fouitii sound field ladiernn yet another ntjonele is used to 
detemUDc the delays apptisd to the sijpals xoulcd to eacb ou^yut transducer. In -Siis 
embodimcat, Huygens wavelet ibc<»«m is invoked to simidate a soond fi<^d whicb 
has aa apparent <jri^ O- Vras is atbaeved "by setting the signal delay created by the 
signal delay me^ns (1 508) or the adaptive digital filler (1512) to be equal to the 
sound travel time &oai a point io sp»:« behioid die snay to (he respective output 
fraasdiuer. These delays are inosUaied by the dotted lines is Figuie 7D. 

It will be sees from Fieno 7D that Qiose outootinmsducecs located doaest to 
tbe suniila[ted origMi posatioa output esigoaibefcae those traasdocenl^^ 
away ftom the position. The mterffarsncs pattem set uf> by tbe waves emitted 
&ont eeicli of the transducer croates a sound Held vdiieh, to listeners in the near field 
in front of the atny, appears to originate at tbe simulated origin. 

HamqahericaJ wave fronts are shows in Hgare 7D- These stun (o oeafe (he 
vra ve fiom F -wbidi has a curvature aod directio d of xDovement the same as a wave 
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fttknt wooJd have if it had oda^nated at Ac amulated origm. llxus, & mis sound field 
ia cA^uunea. The oquotion for calculating the ddays is navr.' 

^riierct. 18 defined as in {betidni cmbodimenf and j » an arbitrsiy of&et 

S 

It cen be seeo. Uie»fot«, that ^ gcocral metiiod utilised invo Wcs usmg tbe 
RpHcator (1 S04) to obtain N nsplica signals, <sm for each of the N outp-ut 
transducers. £ach of these n^Ucas are then delayed (pediaps by Sltain^ by 
ceq>cctjve delays wiuch «re adected in accordancd with bolh Ibe position of the 
10 respective output tnaaducer is tbe array aad die effect to be achieved. The delayed 
flagaals atv then louted to fte respective output traoadocen to create the appropriate 
sonnd field. 

The distributor (1 02) prefesrably c^^i^scs separale replicating and d^isyxns 
Taeax» ao (hal signals may be lepficaled and delnys may be npptied to each replica. 
15 However, odierconfig^xaiiaQs are incloded in the pie^^ 

input bofifer with N t^pam^ beosed, the positibn of the tap detenouung the anaoinu 
ofdeiay. 

The sysXiem described is a linear one and so it is possible to combine any of 
the above four cHiBCts by simply adding togcflier tbc teqnired delayed signals for a 

20 particular output transducer. Similarly, the Unear nafure of the system means that 
aeverail inpoks may each be aepanOety and diBthu^y focnased or directed 
joaaROBr descxibed above, giving n«e to ccamoUabla andpoteotiaUy widely aeparated 
regions wtvore distinct sotxad fields (n^renolaJive of the sig^ials 9X. the difEeront 
ii^wts) may be established remote fiom (he DPAA prefer. For example, a first 

25 signal can be made to ^pear to onginete some ctistance bcbund die DPAA and a 
second si^^ can be Ibcuased onapoaition some diAance infiont of the DPAA. 
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Tbo fint ispect of die invoutioa relates fo tb« use of a DPAA In ■ 
mnltifihan&el systesi. As atroady described, difiereot cfaaEuids may be directed m 
di£fcrQnt durations luiug the same array to provide specisU e&cts. TigWK B 
scheroaticeJIy shows this hi plan view the array (3801) is iwod to direct a iirst beam 
5 of sound (B I) subsbuxOssSiy straight ahead towards a matener (X). Tliia can be ei&er 
fi)CU3sed or not as shown in Figures or 7B. A seecHid beam CB2) is directed at a 
slight angle, ao that the beam passes by flie iisteoer (70 azkd undecgoefi muitiiirie 
TvnecUons &om. the waUs (3S02), ev«aUaIty reaching the listens again. A third 
beam (B3) is directed at a strongo^ angle so that it bounces once of die side wall and 

10 ' reaches the ILBtrocr. A typical app.\ii»ti«>n for snich a system is a boiac cmcsna systan 
in 'irfuch Beam Bl npresuits a centre sound diannie}, beam B2 represents a right 
sonouad (liglA rear q^eaacerin cooveotional system) sotoid ctaame! and beam B3 
leprssents a left sound channel. Farther beams for the ri^ channel and left sumnuad 
duuin^ may also be presenlbut are omittad fbrn Figure S Ibr darily. Asia evidQnt» 

15 the boams travel difTertmt distances before reaching foe user. For example, tlie centre 
beam may travel 4.8ni, the left and right channels may travel 7.8ni and the aurrouod 
channels travel 12.4m. To account for this, an extrai delay can bo applied to the 
duoanels whicfatxavd tiie shortest distance so that eadt diazmel reaches ibt vaa 
substasatially SKnuItaneoneJy. 

20 Aptiaratus for achieving this is sbowa in Figure 9. Ttiree channels 

(3901,39(>2,3903) axe icpul to re^wctivc delay means (3904). Tht delay means 
(3904) delay each channel in time by an amount detmnincd by a delay controller 
(3909). The delayed channels ttien pass to distributors (3905), addeia (390£}. 
aoopUfien (3907) and ou^piU transduces (390S>. Tbe distributors (3905) replicaSe 

25 iosd delay ^replicas so as Indirect the channels in diiiemads^^ 

Figure 8. Tha delay controller (3909) chooses d^ays based on the expected distance 
aofond^raves of that <^»£CTicl will ^'eJ before reaching th^ Using ^hc above 
exanipJe, Oie svnound cbninef travels tbe Aofbest and so is not delayed ai all. The 
left i^aom^is delayed by 13.5 ms so it arnves at ihe same time as the sunound 

30 dianoel and ll» centre cluiuieliadeUyedby 22.4 ms so fttt It anivcs at flw 
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time«8 the suorouad duumel and Itie ]efi clmusuel. This cnsuset (hoi allchannels 
Teach the listener fit the esme time. Iffhed^iectittiof thed3«iiidsischamged,ibe 
dcisy cooeroner (3909) can rake account of this cod adjust the ded^ys accoidinely. fu 
Figure 9, the delay luoaiis (3904) are shown heSm the dtstnhatois. However, tbey 
5 may beoeficieily be incorporated into the distributors so that Ihe delay coonoUer 
(3SK)!9) ispuis a ngsal to each dislnlutor eod tfau deiay is flgiplied to all iwiicated 
signals output by (hatdUtiibuUv. Ptuflier, in anottwrpcacticat ahematire, dusvcan 
be used a single delay oontrollec (3909) wfaidi dioosea ifie renHant iior «oeh 
cbannciTeplica and tbxa aeods delay dafsitD each distributor, without ttie need for 
10 ' separate deUyingeleiaarts (3904). 



In ifae atxyve described iirst aspect Hnc delays in the sound reactu^ the luer 

15 can be (XTiuidernble szid become more noUceable a« ^oy iivaease For 
audio-video appUcatioDS, this can csuso the pictures to lead flie sound 0viog aai 
ui4)lea6aiit eSisct This problem cast be so] ved by use of the appuatus shown in 
Figure 10. Conespooding audio aod video signala are suj^lied from a souroe such as 
a DVD player (4001). These sipuris are read evtatnanktoeaosly and ^ 

20 corre^xKideiiGe. A cfaaonel splitter (4004) is used to obtain each channel of aadio 
&ora the audio si^sl and each channel is applied to tibe apparatus shown hi Figure 9. 
The audio d^y coimrojl^ (3^09) is connected to a video delay means (4005) so th^ 
the video signal can be delayed by an a{^copriate amount «o that sound and pictui«s 
leadi the user at the same time. The ouQwl from the video delay moans ia then 

25 output to screen means (4006). The video delay applied is gownUy calculated with 
leTerencoto the ffrcslesi distance travelled by s sonnd beam, ie the snrrauad channel 
in Figure 8. The video delay in this case would be set to be equal to the (ravel lime 
of beam. >vhicb is not d^biyed by audio d^y means (3904). It is usually 
desirable to delay the video signal by m integer number of fiunes, meaning that (he 

30 video delay values are ooiy approximately equal to the calcuhdsd value. £ven the 
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suitouzu! cdukDnels may undergo some delay dae to any prooasdng (eg filtrong) tfaey 
udd^o. Thus, a finder compoMol may be added to liie video delay vnhifl to 
account &yr Gas processtng delay. Fcrthcr, it is oAct siznpla to delay tht video 
ugnal mUl the sound that reaches the listsoer or a direct petti (eg Beam Bl in Figure 
5 S)iesvestSiespeBk«r. TlKteaatimgetrorngiBtiE^ 

aecuMunedtoitftomcucTent AVBystems. CSaims 1 1 and 16 are iofsiided b> cover 
the system whereby this «mJ approxinarioos due to integer video franuss ore used, by 
virtue of &e phrase "at substantially ihe time". 

As aTefinement, the video ddsy sieaas can be connected (see doOed line in 

10 ' Figxttv 10) as wcdl to e«d] distributor (3902) so Qitfappro^^ 

of any ddays ajiplied &rzcBBOQi ofbeam diiectiviiy too. As a ftHthcrVefineoicnt, 
the video-proces»ng dfeuitty can be used to provide aa OD>ficreen display of the user 
iiiterfaoe of tbe sound system. In a tdo^ generfll software etnbodinieait, eadi 
component of audio delay would be calculated by a tnicToprocessor as {>&rt of a 

15 program and a cojnplete delay value would be calculated for each rqolica. These 
vahiea would ttico be used to caicutate the «i>propriale video de^. 

Agp^t of Qtf laVCTtiffl 

20 When multiple chjmneis are used, it can be beaefici^ to 9pp\y a difi^eol 

window fhoctioc. to each cbennd. The window function retfaices the efiects of "side 
lobes* al tbe expense of power. The type of wbdow Amctkn used is cboeen 
depaodent on the qnelities lequired of flw resoltant beam. TboSj if beam directivity is 
Jntportant. a window fitoctioa as is shown in Plgoie HA shotdd be used. If less 

25 dttedtvity is rsouired, a more gentle function ss saow:i in Fignre 1 ) D can be used. 

An ^aratiifi Sen achierving this is shown in Figure 12. This i^paratu$ is 
substantiafly the same as that shown id Figtzre 9, except the esctra delay means (3904) 
«e omitted. Such extnideiay ineans can be cornbined with diia aspect of tl^ 
hivantion however. Aa extra conpraiwt (41 01} is positioned a6:er Che dishibutois in 

30 Figure 12. TfabcoaiipDnemapptiesthewnidowiDg fimction. Thia ccmpoDen} can 
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beneScuUy be coudnncd with tbe disuibators bui is altown iKptaatefy fbt cbeity. 
The windowing meaos (4101) appHes awiodow fizBcdon id the set af xoplicas for a 
diumeL Ttmt the system caa he configuted co that diEfomi window fonctions are 
chosen. £br each cimmnel . 
5 This ayitem has a further advantage. Chonoeis ha\'ing a hi^ bass content are 

geDcraify required to have a high level and directivity is oot so iiopoitast. Thus, the 
window ftinction cas be altered lor suco chaxuiels to meet these needs. An example 
isdnwninpignres UA-D. Figure 1 1 A shows a typiMi whuiow fiuictioii. 
TVaivducars near the outside of array (4102) have a lower onSput level San tiiose in 

10 ' the centre to reduce side lobes and improve diieclivlty. If the vohune is turned iq>, 
aC output ievela increase and some transducers in tbe contre of the array may saturate 
(see PigiuvllBXbavuig reached fu2]a«(e defection To avoid Ihia^ the 

shape of tibe window fvnctioD caa be changed instead otf xnereLy ampli^g Ok 
output of each traoeducer. This is shown in Figurea J IC aod 1 ID. As ihe VDlnme is 

\ 5 iscre&sed, the oiolcr b'ansdtacers play a greater foie in eoatributtng to tbe overall 
«oimd. Aiiliou^ Qtts increases tbe side lobes, it also kicreaseti tbe pow^ output 
giviag a loader sotmd, witbotit any clipping (saturatum). 

Tlift above technique is most impartasH fiv tbe higher frequency co!n|icneniU. 
Thus, the present expect can be combiiwd with the fowih aspect (see later) 

20 ftdvsntageoudy. For lower fiequencies^ where diiectMly is leas sttiiuuMeaod 1m 
important a flat ("BoxcarO window function may be used to aduevernaxinuun 
power output. Also, the ctuu^;ing of the window i\mctLon to account for increased 
volume as shown in figMre 1 ID is not essential and saiuratioik as shown in Figure 
IIB may not is practice t^piedably defoiorale quality since the windows still fidls 

2S offtozBToavoidiagBdiscoiitinuUy atlbe edgesand ftdisooatiniiityinlevdi^ 
damaginf Quo a diac(»itinmfy in gradieait as shown in Figm 1 IB. 

Fourth Aspect of the hiveotipn 

30 Hie dSrecthriiy achievable with the array is a filiation of the fivquency of the 
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ngnal to be directed and &e size of the arr&y. To direct a low frequency si^jnal, a 
laiBflr anay » ncoessaxy than to diitcC a h>||fa firequ^ 

rBsoluti<». Furtheniiore^ low firequeocses generally jrequire man power Sua hi^ 
fivqneodes. Thus, it is advantageous to sptit an input signal into two 
5 freqvcocy bands aiMl deal Witt) Itwse ^equency baiKb s^ar^^ 
directivity which ia acliieved wing tbe DPAA, apparatus. 

Figaw 13iUiiAtatesthBgBDenI^i|wra£ucforsdoctivdybe8mingdi^^ 
fiequeocy bands. 

foput sigoal 10! is connected to a signal spUtter/comMiiar (2903) md heace 
10 " to a low-pass-Jiltcr (2901) and a high-p«ss-£lter (2902) in parallel cliannels. Low- 
pfiSs-fiUer (2901) is conoectec to a Distnbutor (2904) wlsich connects to all the 
addeis (2905) which ate in tmn connected to N tiansducecs (1 04) of the DPAA 
(lOS). 

His3i-pass-filter ^902) connects to a device (1 03) wfaicji ia die same as 

1 5 device (1 02) in Figure 1 (arid which in general contains within it K variable- 

amptltude and variable time delay elsraeats), which in turn connects to the other 
ports of the adders (2905). 

The system may be used to overcome tbe efifact of fiar-field cancellatioii of liie 
low fiequenciea, duelotiieairay sizebangsmaUconipared toavmTleogOiatdww 

20 lower fiequeodes. The system there6»e allows difTarcDt fieqoencies to be Insated 
differently in teraw of sJiapin^ the sound field. The lower £«qtiea3cies pass between 
the souFCC'MotKitor and the traosduo^ (2904) all wid) Use eaone txrne-4e1ay 
(nominally zero) antd aonpbtudc, whereas die highm- jzequesraes ate apptoptiately 
timo-delay ed and ampUtude-cooCFoUed £br ead) of ttie N tnssdncen indqpendeDtty. 

23 This aUims anti-beanuag or nulling of the bighsr frequencies without global far-field 
mdling of the low freqaencies. 

It is to be noted thai the meCiod accciding to fborlh aspect of tbe 
inveatioR can be carried out uauig the adjustabie digital fil^ (5 i 2), Such fiYvacs 
allow difiersat delays to be accorded to diflcsGnt ftequeocies by samply choosing 

30 aiipropiiHte values for tbe filter ooefScieBis. In this case, it is not necessary to 
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separtttdy split up the &equ!cncy bands and ^ty different ddays to the respJicas 
d«riv«d fma. eocb fivqctency band. An sppnipriate efibct can be Achieved simply by 
fiKoing ihe vavious r^Ucas oflhe single vspai sigonl. 

jPlgure 14 shows another anbodiment of tiiis aspect lq v/hich difEercat of 
5 owput trat^dnccTE of&e lUTsy STB used to tnuurodt dif^^ 

ininit sigoa) (1 01). A;» in Figuxe 13, the jopot sigRaL(201) is ^iit into a high 
fivqusncy band by a high pass £Ut9r (3402) and a low &tM]ueiicy betid 
filter (3405). The ]w nequenpy signal is iDiiled to a Snt set of transdiicers (3404) 
and the high ftecuesicy band is routed to a second sen of tnnsducers (3405). The fint 

10 ' &e{ of transducers (34M) span a Jargorphyeic^oxtiat of file an^yliiaa the Jug^ 
frequoicy traoGducecs (3405) do. Typically, the extent (tiuut is, ibe magoitDde of a 
characteristic diEneosioo) ^Huuied by a set of tnmsdaceni k nwighly propcmoaial 1o 
Oie slxirtest vravelenglb to be tnRQSiaitted. This gives zooghJy equid directivity for 
bolli (or bS if more than two) fireqnency bands. 

2 S Figorcs 1 S shows a iurthsr embodimeat of tMs aspect in v^rhicfa some output 

transducers are shared between bonds. Again, the signal is split into low and high 
frequeocy cunponmts by lowpass iiJter (3501 ) and a hi^ p«a5 Slter (3502). The 
low fieqnsnc)' distributor (3503) routes sppcopriately delayed recriicas of the lew 
fivquency compooeut of the input signal to a first set of the output bansdocers 

20 (3S05). In this exaniple, this first set composes aUttic transducers in &tanra^^ The 
bi{^ frcq^iency dsstz&utOT routes die high &equ«icy component of the input signal to 
a secc^^ Ect of output iraosduoo^ (3506). These transducers aro a subael of the 
whole anay a7>d, as shown in the Figore. nay be the same ones as ace used to on^wt 
Qkelowfieqnency ooznponeDt. b this case, addes (3504) are required to add (he km 

25 fieqnency and high fi<equency aigoala jnior to oi^hiI. Hius, in tins cmbodnneBt, 
move transducers are used to on^ut the low fieqnency oosnponent and thus nx»e 
power can be achieved where it is needed at &e low frequeocies. To further improve 
the power output at low fiequehcies, the outer ttansdueers (whicfe output vohAy low 
fieqpiencies) can be hoger and more powerfid. 

30 This method ho» the advantage that ^diioetivityKhieyed is the same Bcroaa 
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ail fiequencies aod a mmanuinof trapsducecs ireused for the td^ frequencies, 
resulting in dflcnased complexity and cost Tbis is e^edaUy the case xvfaen a act^^ 
such as is shown in Figure 14 is used, m& low-fieqaeDcy apodlic liaiwducan 
aioiuul ibe outside of^e array and higb freqiieccy tnusdiHMR near tbe ceotte. Tbia 
5 has the fiiilliersdvanUeeAat cheaper IsirotedTaiigeti^^ 
cfaan faH'Tsage transdaceis. 

Figure 16 ^lowa scbesnaficalty a &oat view of an anay of transducoB, each 
symbol lepreseotzng a traosducQT (note tbe s^fizA^ 

way to ti» of the tranaducei-s used). When the method of Figure 14 U: used, ihe 
10 ' square symbols i^^resdnt tian$ducers which are used to ootput low frcqueacy 

conoponciMs. TbK circle symbols r^Kesent transduoeis wfaidi output mid^ange 

cempcneniM aod die tziaagle ^ymbob nprescat tiaaeducara ^A^ch ou^t bigh 

fiequency conqKmonts. 

y^hm tbe mettiod of Figiue 15 is used, tbe tKiaugle symbols repveaeait 
15 transduceis which output components of all dtree frsquseicy ranges. Tt)e cttcte 

symbols r^resenl traotsduceis which ou^ut only laid-iasge and low frequency 

sigaaTs and tbe squsxe sysnbob nqiresent dansducers which output onSy low 

frequenciea. 

This abject of the im'cotiaD is fuUy coii9Hitib]e with fhe abov&-described 
20 tliixd aspect doce windowing fimctioDS can be used, wiftt the calcnlatiou taking place 
after the distiibutocs (3403, 3503,3507). Wben dedicated trensduocra aiv used (as ia 
Figure 14), (he "bole** in die low frccuenicy window ftmclioa caused by U» presence 
of a ceaiiie array of high jrequency tiansducene is not usually detiimental to 
p er fon naoce, espectally if (be hole is auificiently small wittt respeot to "die sfaortiest 
25 wvvdbengths reproduced by tbs low frequency channel. 

It is evident from Figure IdlhatlttshinGdiiceTBareiiEedfbr tbelii^ 
frequencies than for the low gequoncies and thai the spacing between adjaocot 
transducers is conslsnL Howcv^, the maximum acceptable transducer qtacing is a 
fonction of wavelength so tiiat lo avoid sideiobes at bi^ fnsqnencies requires more 
30 lightly packed (eg every ^)tracsdiicers. This makes i< expensive is teims of 
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transducers aiu) drive elet^toeics to cover ea aroa large enough to direct low 
frequeodes on tbe one iuudbut with tightly spftc«d trassdocers to dixoctfaigb 
Acqueacies oa die ofhfir hand. To solve ihis prt^iem, iin array as shown in Figore 17 
is ptovidod. This array has a high& th^ averse density of ou^nit tixaisdacecs 
5 located near the centre portion. Tboi^incre closely packed transdttcerscaa be ofted 
to output the high frequaioiee without tncceasbig the extant of the saray and flnis tiM 
directivity of the beam. The large low ftequew^ area is covered by less closely 
paciced transducers whe;«8£ ^ central higH frcqueiacy area has a ctkore tigt^y p&d^od 
area, opfimi&mg cost and pecfbnnance at all fiequeoeies. la Figure 17, die squares 
10 'raerdy ^owdis presence of a traiisduceraiid not ^sh^crdMly3>e of ^ 
oatpTit, as in Figure 16. 

Piflfa Aso^ oFdift iBvaatjon 

25 Figure 1 S shows a oaaisducot having xi Iflogth L loDger than its vidOt W- This 

tianaduccT can advantageously be u^ed in m array of iike tmisducers ss in 
JFsSuie 19, Here, the transducers 3701 are positioned next to one ano&cr in a tine 
sach Uiat die line exteods in the pecpeivdicQlBr directnn to 
tEiDsducer. This amng/eamt provides a sound field winch can be diredad well tn 

20 fliebaiizisintal plane and wMdijthaidcB to the elongated shi9e<tf each tra 

most of its enenQr in fbehorizont^ plane. Tliere i& very little sound energy directed 
to otbn- planes resultii^ in good eflicieiicy of opexstion. Urns, UfSi aspect 
provid«s A l-dimensioiul array made of elongated tnmsduccn vdiich g^ves li^t 
dixectivity in ca» directioo (Qunks io the elongated il^pe) aond cordcollablo 

25 direeliviq^ in dw other (thanks to the array nature). The aspect ratio of eacb 

tnoaduoo' is preferably at least 2:2, more pr«ftnfaly 3:1 and more prefiaaibly still 
5:1. The elongate nature of each transducer causes l3w effect of souridbeiiig 
ooncmtntBd in a plane whcarcas the array of traasdiioers is a line gtvea good 
directivity within the plane. This utdiy mty be uaod as the amy m arq^ of the otbcx 

30 aspects of tiie inventkm. 
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Sixtii Aflpect of tfaa Invflfnrinn 

Thz sbsA aqpect of %e invention relate to the use of a DPAA system to 
crcQte a sunoimd sound or stereo effect using only a single souxkI ^-tnitting apperatuB 
5 similar to -fce apparatus desczibed above. Particulart>, the sixth aaped of the 
invention relates iC diiecling diSiBceot chaimek of sound m diffet«nl diiectUma so 
tfafllthe souDdwaves ixapinge on areftective ca: reaooaiK sur&ce aod aiere- 
mosmitted hereby. 

This sixth eepect of the inveotton fiddxesseit the problem ibsl wbcco the 

] 0 ' DPAA is opiated outdons (or any o&tar place huvm$ jubstanciafiy aiieduMC 
conditlofis) aa observer needs to mafvc cto&e to those regicxns in which Gonnd has 
been ibcuaeed in order to easily perceive Qie separate sound Celds. It ie olberwise 
difficialt for the observer to locate the separate aonnd fields wfaichfaftvebeeacieaied. 
If au acoustip reflectiiie; surftce. or ahemailvely aa acoustically rcsiMiant hodf 

1 5 yriiicti re-radiatcB absofbed incident sound energy^ t& placed in the paDi of a sound 
beam, it ire-radiates die sound, ood so e^IbctiveZyr becomes a new sound soorce. 
i«mote fiom Ox DPAA. and located at a regioa dcteroijoad by the focussing used {if 
any). If apkaieTefZecior is used then the reflected sound is prsdmniDantiy dirocted im 
a specific direction: ifadUSaserefieetor is xinaenrthu the sound iare-tsdla^ 

20 or less in a!l diiedions away tmm (be rcOector on the same side of the teflectnr as 
the sound is incidetU from the DPAA. Thus, if a number of distinct sound signals 
rqpres^tative of distixii^ input signals sxt directed towards di^Iuc< i^gicns by the 
DPAA in the manner descnbed, and within each regaoo is placed such a reflector or 
tesona63t so as to redirect (be sound Emm each re^'on. then a irao multqile seipataled- 

25 aouice sound fadiator system niay be coBstriKtednsing a six^e DPAA of the de^ 
described herein. 

Figure 20 iliusirates the use of a single DPAA and muitipie seflccling or 
cesoaating surfaces (21 02) to present multiple sources to listenos (21 03). As it does 
not rely onpsychoacoQatic cues, the sunound soimd efl^is audible ftroas^bout Am 
30 listonbgarea. 
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l*be sotmd ^xsams may be unibcussed, as described above vriSi reference to 
Fig^ires 7A or 7B, or fbrassed, as desmbedrijove'mth reference lo1^^ Tbe 
faous poaition can bo chesen to be either m ftcnt oi, or belund (be respective 
refJectoz/Vesonstor to actiieve the desired effect. Figure 21 s^emaiically sbows the 
5 efffact iichievad v^'hec. ft souud beam is fx^sed in firsQl of and bdnnd a reflector 
respectively. The DPAA (3301) is opeiabie to direct soinid towacds the reflectors 
(3302 & 3303) set op ta & room <3304>. 

la the case when a soond beam is focused m £om of a reflector (3302) at a 
point Fl (See Hgitre 21), !hs beaiaxiarxiw& at tbe focus point md. spreads out 

10 ' ^Kreafter. Tbe beam contiiiues to spread after reflectJoa Ijom tenector and a listencar 
at positkni PI will hear the sound. Due to the rcflectkm, tkie user 'wiil|tetoe&ve the 
souod as eniBnatmg St>K the ghost tbcalpomtFr. Thus tttelisteaeratPI will 
peroeive the flound a« emaiuGting Aom ouiside ihe racea (3304). Further, the beam 
obtained is qiu'te broad so that a latge praportioa of tistcneis m (he bottom half of the 

IS room (3304) will hear the sound. 

In the case when a sound beam is Jbcussed behind a rejector (3303) at a poiot 
F2 (See Tigurc 21), the beam i$ reflected be&re it has iuDy nanowod to tbe focus 
poini. Afler reilectionj, the beam spreads out and a listener ^position P2 will be able 
bear fhe sound. Due to (he Teficction, the user will pereeive tbe sound as gmw™g 

20 lh>maieiefle«itedi6caIpotDlF2'in finittoftberttfiecror. Ttaira 

perceive the scdnd as eroansticg from close by. Purlher, the beam obtamed is qsite 
narrow 90 dial it is possibJe to dtzect sound to e soialler propattica of the Ustcners in. 
the room. Thus, it can be advantageous ftrihe above reasons to fi>ciis (he beams at 
posJtkms ottwr than thenfledar^efionaior. 

2S Where the DPAA if operaledm Che msnnerptevioaslydessnbedv^ 

multiple sqMBaied beams - in. with sound signals rsprascntative of distinct input 
signals directed to distinct and separated regions - in nooHoiechoic conditioDs (such 
as m a normal room environmeaO wherein there are mu]^le hard and/cr 
predominantly sound refiecting boundary surges, and in panicolar where those 

30 TesionsareduwtedatoneornuiteDf the reflectxEig boundary sulfas 
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only hlB voaaak directional sonatd perceptions an observer is easily able to pereeive 
fiw Bq>arU& soiled fields, BDd tttnuUmwcnwly ii^^ 

KHQMcb've sapants ifacal regions ^the» a smo), due to the reflected sounte (fiom 
Ifie hotmdajies) reachiag &e observer ih)m tbose jnegionf. 
5 U is izEQKiatant to eitQjbasise that in such a. case the observe- perceives real 

separated sound fields whtcji in no way tely on &e DPAA introducing artificial 
psydKHBcoustic etemaais into the sound signals. Thus, tbe position of the oteemr is 
n:ialiveiy uoimporlsntiiir troe sound location. so long aa hois sufficicxtfy J&r from 
the nesT'ficId radiation of &e DpAA. In this menoer. mulli-clucnnel "smound- 

i 0 sound' can be achieveil with only one physicai ioudspeaker (itk& DFAA), mafciDg use 
of the natuTB} boundaries firaod in utost Tea} eDviraQments. 

Where similar efTects axe to be pcoduoed in an eamranmentlackix^g 
appropriate natural reflecting boiindariBS, similar separated mufti-source sound fields 
can be adnevcd by the suitable placement of artifid&t reflecting or lesonating 

13 suiibces where it is desired tl^ a sound source should seeiniooxi 

directing beams at Ihose surfaces. For example, in a. large concert haj] or outside 
<aavircnm:Ga.t opticalfy-ttansparent plastic or glass panels could be plaoed and used as 
sound rei^ectoa ividi Utile visual impact Wbe» wado disperazoo of the sound fiom 
Hiose regions is desired, a sound scattering reflector or broadband revonator could be 

20 introduced instead (this would be more difScutt but not is^ssible to make opticaUy 
transttaieat). 

A spfaerica] reflector can be used to achieve diffuse reflection over a wide 
angle. To further ehbance tbe dii^^^se reilection effect, tbe sui£ices dunld have a 
tmuplsiess on the acate of the vavelongtii of sound fteqnency it is desired to <Sfi!use^ 
25 The great advantage of this aspect of die |«B9ent inventira is that all of die 

above be adiieved wiSi « ain^e DP AA Sfiparatw, flw output signals for caich 
transducer being built xqj &om smnmations of delayed icphcas of iipiit signals. 
Thus, much wiring and sppsxshss traditionaily associated t^n^ sonroand sound 
sygbeats is dispensed witb. 
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The HwenOi aspect of the iuvecti'oii oddreews tbe problem that a uaor of tbe 
DPAA system may not always be easily able to locate where souad of a psiticvlar 
5 chimael is being, directed or £bci;;s8ed al any particoisr tune. OxrverscJy, the user 
may want to direct or focus sound at a particiitpr positjoQ in space wbich requxrea a 
ccmploc ctdcu]a:^o aa h> the oooect delays to apply etc. This pRddetA la deviated 
by pmvidmg a video camera mestis w^cb can be cauaed to point in a paiticular 
dueetioiv Meaiu coimected to the video casm can then be used to cslcolBte which 

1 0 * direction the cameta is jKnnttng in and a^ust the delays accordingly. 

Advttnlageously , tbe camwa is uiider tat direct contot)) of the opetaxca- ifar example 
OD a tripod or using a joystick) and dieDPAA controller is arrange to cause aouiKi 
channel directiDg to occur wherever the operator causes the cameza to poist This 
provides a very easy to set up system whidi does not rely on creating malheautical 

IS models of the room or other complex calctUatians. 

Advantageously, means may be piovided to detect wheie in tlve xoom the 
camera i& fbcussod. Tben. the sound beams can be Ibcussed on tbe aame apot This 
makea setting up a system veo^aiosple since inarken can be placed in a loom where 
Bound is desired to be foeuased and Aen acamwa lens canbe focussed oo these 

TQ nttxlccs«byaD(^«atorlookingBiatebvisioDniraiiiix. T^ 

aatoraaU'cally set up the sofiware to caloulale the coneoi delays for focoasing soond 
to that spot Altemativety, refbrecce points io the room can be identified to select 
sound focussing. For examplo, a simple model of the itxmi can be pre^progtacomed 
so that an operator can seiect objects in QieHeld of view of ihe camiera so determine 

25 tiie focussing distanfie. In both the caae when the canaexa focus distaoce is used aod 
when a room modd is used, it is advantageous to aniploy a fioozdinate traDsfarm 
from oamea (pan, til^ diatenoe) orTOora (x^^) to speoiocr (rotatioa, devsticn, 
diacance), where fbt two oooidhanle aysleais have difRareot origins. 

In the reverse mode of operatioii, the camera may be steered amranatioaUy by 

30 (be DPAA electronics such Hiat it points tow^ the direction in which a beam is 
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ciimsotly being steered, wiOi at «titonaafi& tbcamg on tfaepa«u wh«re sound 
fociwnqg occurs, if at aD. This piwides a gnat dea! of vsctfii) set^ ftedbeck 
infimnatioa to the opeator. 

Means to select which ch&ncel seltizigs are conlrolied by the camem positioD 
5 sIkwW also be provided ffljd these may all be cantroUed fiom 

Figote 22 iUustratea in aide view the use of a video camera (3ti02) positioaBd 
oa aDPAA (36G1> to point at the same point in wfateb sound is fbcnsaed. Hie camera 
c«D be steer^le using a aervo motor (3fi03), Afteraattvely, (be camera can be 
inooatcd on a sepuzate tripod or be haisd held or be part of an oxUtnt CCTV system. 
10 ■ ForCCTV^lkations.'WfhereaphirBljiy ofcamfflnasareiisedtocoveran 
ansa, a idngle airay cas be used (o diiect sound to any position ia the area ivhich one 
oflhe cameras is pmnting at. Thus, an operator can direct sound (such as voice 
coiumaods or insttuctioos) to a specific point in the Bze«^coom by selecting a caaieia 
ptHoting at tlisl point and spesidng into a inicioplwne. 

iS 

Eoriber Preferable ^epi apas 

There may bejirovided means lo a4just the radiadon. pattern and focussing 
points of slgnab related to each input, in reaponseto She vahie of tibepiognuDinB 
20 digital ^gi»ls at those iopttts- such an approach may be Q&ed to exaggerates!^^ 
ai^als BTid sunound-sound effcwts, by moving ttie focussing point of t3»9e signals 
motnentatily outwards when daerc is a ioiid sound to be r^xroduced fiom fliai it^t 
only. TliiiB, the 6leeting can be adneved in accordance wtQi tfie actuaj input signal 
itsel£ 

25 In geEwral,v(te the focus potftfs are moved, it ie&ecessaz^Mochat^t^ 

delays ^lied to each replica wbkh involves dupficaiing or skipping samples as 
2q7prq[niate. This is preferably done gradually so as to avoid any audible cficlffi 
^bidi may occur if a large nnmbec of saaipies ate skipped at once for eNaaipIe. 
Practical applicaiiottg of Qus iDvention's technology indmde the following: 

30 for home entertaimnent the aMlity to pt<9eel multiple leal sonioes of sound 
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to different posrlioos in a Jistosng room «llowa tbe npixMiuctioa of muItt-cHamel 
suxTOimd waaaA witiiont the olultei; compleaci^ and vnriBg prabtezm of middle 
scpaiatod wired budspeakera; 

&r public address and concert sound systems, the albility to tailor Out 
5 radistion pattern of the .DPAA in (Jtroe doaenaojis, and witib n»iltq>le sianiltaoeoiis 
beaois allows: 

much ^5tcr &^-vp as th« phyttcai od^staSonaf fbcDPAAis notvety crit^ 
and need not be ropeatedly adjustod; 

smaller londapoakcr inventory as one type of speaker <a DPAA) can acldeve a 
10 ' wide variety of radiation patterns which would ^>pic«aiy eadh xv^nn dedicsted 
speaken ivitii ^prapiiate horns; 

batter iuteitig^'biUty, a& it is possiblt; to reduce the sound enersy leaching 
leftccting sur&ces, beaee redocisg dominant echoes, wnply by the adjustment of 
6lter and dday coofficieats; and 
15 twCterooDtrolof unwanted Bcotislic feedback as fte DPAA radiatiw 

can be desligued to rednee file energy reaching live mUropboces comiected Id the 
DPAA input; 

ibr crowd-control and military activities^ tbe ability to generate a very intense 
sonxnd fi^ in a ^stasA t^KM^ wfaicfa Stlld ta easily and q>Qc3^ 

20 fbcnsslns and steering of the DFAA beams (witfaondhsviQtpfayvicaUy to 

loudspeaka? and'or bocns) and wfaiob is easily directed onln the target by means of 
ttaddng U^t sources, and {Hovides a power&l acoustic weapon wfaii^ is nonefheless 
non-invasive; if a large array is used, or a gnfop of coordinated separate DPAA 
panels possibly widely spa(^, then die sound field can be made much more intense 

23 in thft focal region than near 8ie DPAA SETs(e\'cn at the lower end of the Audio 
Band If the overall array dimensions are sofiSciently large). 

Any of die pievioufily deanflied aspects may be combined togelber in a 
practical device to provide tbeliEaied advautagea. 
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PtB&wod Kmbodimgnt of tbfe Fii^i Aspect gf the hiveatmn 

Tfacre now fii^ws a descriptioix of b preferred cfatbodiment of the firsl a^sdct 
of the present inv«ntkm, which, as will become appansnt, utilises e!£o the techniqaes 
5 of the otbw abovo^iescrlbcd aspects. 

Re&mng to Fieure 23, a digital sound fvojector 10 coaqnises bc anmy of 
[nmaduMnorloudspealocn 11 tint is cootroUcd audi Que audio input sgnals are 
omitted as a bMim of sound IM, 12-2 ibat can be <&ected into ao-'^'ithia thoiis- 
arinteaiy directian vd&att &e half-spaoe in Smtt of fbe «nn>y* By niAkiag ose of 
10 'carofiUtychoseureilectionpaiha, alisteiMr 13 wiUperc^ea^ 
the ssray as if oiiginatiti^ S;om the location of its last reflection. 

In Figure 23, two aound beams 12-1 aaod 12-2 are ^own. The first beani 12-1 
is dixQcted onto a side-wall 161 thai isay bepart of a room and teflected direcUy onto 
Sie listener 1 3. Tbe Jzstenerpeiceiveff this beam as ofigiDatii^ 
15 17, dius from the right The second beam I2-2» indicsled by dashed lines, undergoea 
two reflections befi>re reaching &e Usteoer 13. Howe\'«r, as ihe last reflection 
bappens in a lear comer, tbe liatener vriU perceive the sountd as ifeaiitted fiom a 
sonree bdund him or her. 

Vfbaim lhen» are nuc^Dses to which ft digital acmiKlpn^eecor 
20 is particularly advantageous in replaeing cocventiocml sutrouod-sound systems 
eo^loytQg several separate loudspeakers placed n ^Sfbctnt ioeatioas around a 
listmer's position. Tbe distal sound paxyector, by genra^Uing t^ams fbr cacb channel 
of tbe suRDund-soLuid audio signa], and steering die beams into the appsropriate 
dfrectioDS^ creates a tnie saisoand^tMrQA at the liatener positicai wi&ottt ftarther 
35 loudspeakeirafxraddittonaiwinng. 

&t Figures 24 to 2d, fliere are shown camp<menCs of adigpltef Goimd projwEor 
systwn in fibrra of block di^jantB. Al die input, common-fonnat audio source 
material in Pulse Code Modulated form h remvcd from devices such as 

cQcqiact disks (CDs), digital video disks (DVDs) etc. by djc distal sound projector 
30 as either an optical or coaxial digital data stream in the S/PDIP format But other 
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ii^iit digital daU foDnats can be also Bsed. This iiqi^ 
siinple two chAonel «tareo pair, or a comnressed en^ 

souodiracfc such as Doiby X)igttal^5.1 or DTS^, or multiple dwcnC^ digifaU cfaamuic 

of ttldtO IttfbllQAltOll. 

5 l^icod«d and/or coii^resfied muiti-<^aael inputs are Sxst decexled and/or 

decooprBssed in a decoder using tite devices sod ]ic«nsed ormwm available for 
stafldacd audio and video fonuatfi. Aa aaalofue to digital cocveiter (not ^vm) is 
also incoiporated to altow connectian (AUX) to analogjiie input sources wUch ace 
tazmediately converted to a suitably scm^led digiUl fwmat The resultant output 

10 'ooisprfsestypicaUylhn^foaraTnKHcpKnofchaiinols. IndM^^^ 

sound, these tibaniDcslB an oJten referred to lefi, right, cenixe, aunouud (rear) left and 
£urrnuDd (rear) tight c^iannels. Otb«r duiMel may be preseol id tbe 8isiial.soch as the 
low ^oeacy effect channel (LFE). 

These Ghannels or d»ane)-puKs are eads fed ibCo a tn«>-Giuaino! sample-rate- 

15 converter [SlU:7(aIfecxiativ«Iy«acbGlMiUMl can be passed Ih^^ 

SRC) for Te-synehronisation and re>««fflpling to an iiitenial (or optionally, ejrtonia]) 
standard sample-rate clock [SSC] (typicaDy ab<Hit 4S.SKHz or 97.6KHz) and bit- 
length (^ically 24 bit)^ allowing tlie bitemel system cloclcs to be independent of the 
source data-clock, 'fhis saoople nte oaavaam elinnnatn problems duo to dodc 

20 speed toaccuracy, clock dkiA, and oloclc incompatibtHty. Speolfically. if llie final 
power-ou^nit stages of &e digital sound projector ate to be digital pnJse-widfb' 
modulation IPWM] switched typos for high effidcnc>'» it is desirable to have a 
conq>lete sync&xonisation between the PWM'-clock and the digital data-dock feeding 
the PWM modulators. The SRCs provide Hus sytiCfaronisaliQn. as weU as vaohdisa 

25 &onia>e vagaries of any extemal data docks. 

Finally, ^rhere two or more of the «UgilaI inpnt cliaiinnla have different dala- 
dooks ^ecfaqie because th^ come fiom separate digital xmcro^ioaB systans e.8.X 
Ihcn agaiu the SIU> eosuxe fhrt udenially aU disparate si 

Tbe outpab of the SRCs are oonvefied Co 8 cfaiiimdi of 24bit words at an 

io intenially generated cample sate of 4S.8KHZ. 
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One or matt (typically two or fiiree) digital signal pntoessor [DSP] oxuts am 
used to process (be data. Tbese may be e,g. Texas Instruments 1MS320C6701 DSPi 
naanix^ at ] 33MHj^ and the DSPs eitfaer perfoon flte ai^ority of calcubtioiis in 
Qo«tmg<7oinl fonnsd finr «ase of coding, or in Ixed-point formal Sor auDuminn 
5 processing speed. Ahemativeiy, cspedolly wfaere fuced-poiot colcutatioiis are b«uig 
pHfoTzoed. the digita] signal proceEsing caa be cstxied out in one or xaosc Field 
l^grammabto Gate Anay (FPGA) units. A imtiier aJtemative is a tmxture of DSPs 
and FPGAs. Some or all of tb9 sigpal ptoeessing may attsmatively be ioplamBQlcd 
-with cuiEtonuscd anlicon m (be Ssxm of am Applicadiw Specific Xnlegratod Circuit 
10 (ASICX 

A DSP stfige parSoana Sltenng of the digha! audio data btpm aigoals for 
eaihanced frequency respoiwe equalisation to cotupen&tf e Jbr flie aragtilarities in 4ie 
fiequency response (i.o. transfer fiuoctioa) of the acoustic output-lraasdvcess used in 
the Gaal stage of ^ £gital sonod pxcjeetor. 

1 5 Tbe number of separately processed channels may optionaUy, at this stage 

Cpreforably) or possibly at an earlier or later stage of piocesiang. be reduced by 
(Ximbining additivcty ibc (one or more) low-ftequew^-efoscte [LFE] channel with 
one or niore of Ae other chaonela. ibr ezanipte the centre cbanoel, in. order to 
minimiae the processing beyosid this frta^. Howcwer^ if a sepainiie anb-voofer isio 

20 be used with the system OK' if processing power is not an issne^tfaen the nKm 
ciiannds niay be maintained tiuoughont the pfocessnig chain. 

The DSP stage aiso poforms anti-alias and tone control filtering on all eight 
(^anndsr and a e^gh^tin]es over-san^ling and intopoJation to anovetail ei^-tinies 
ovcrsampled dsAa tate> creating 8 cbaanels of 24-bit word oidpus mnptes aX 390 

25 KHz. Signal lin-iiting and digits volume-oostoi is peribnned in this DSP too. 

An ARM nucroprocesaor generates tizning delay data for each and eveiy 
transducer, from real-time beam -steering sitings sent by iite user to the digital sound 
projector via iafrared rexoote cR>ntioI, Qiv<n that the digital sound projector is able to 
indep^draotly sicer each ofthe output channels (one steered ou^ut chanziiel for eaoh 

30 input duunoi, typically 4 to 6%, thesre axe abuge mnnber of sepaate delay 
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ccmqmtaliQQft lo be perfbnned^ this numbor is wiiial to the number of otRput charniails 
Ihnn &e nunte of tninsdufiers. Aa the digits 

dyitainicBlly steer each beam is raai-dm^ fbtax tbe compiitacioitf also need to be 
perfocmed (piickly. Once computed^ tbe detey reqairemcnts arc distribcted to (be 
5 FPGAs (wiM»c the delays are sctnaUy appUed to eacb of tbe streaa'ts of digital date 
samples) over the same pai:al1el bus as the digital data samples theineelvea. 

Tbe ARM core also J»ad9«8 ail syOem iiaUalUatku aad extoaaf 
communlcationa. 

The agasS. stream enters Xilinx fieid pn^raininable gate airay logic that 

10 'coutrol hi ^-spoed static bui&ff BAM dovioes to prc>duc«U^ 

to tbe digitBl audio data samples of each of the etgbjt channels, wifli a ^sctetoly 
ddayed versioo of eacb channel being produced fbr each and eveiy oxte of tbe output 
(zansducecs (256 in this imptementation). 

Apodisatioii. or anay apolare wiodowitis (i.e. graded wdgbting Actons an 

15 applied to (be aignftls for each traoaducer, as a iuuction of each transducer's distance 
&ora die centre of the ajtay, to control beam sh^e) is i^^pUed s^iarately Li the 
FPOA U> each channel's delayed sigzial vwioia. Applyisg apodisation here atlowa 
dififerent outpfut sound beams to have diifbiently tailofed beani-shq>e8. Tte«e 
separately delayed and iieparslely windowed digital sample streams^ one for each of 8 

20 Gluginets and &r each of2S6tnmBduceni»alnng 8 X 256 ^20^ 

total, are diea atimiiwd faitheFPGA for eedi tfansdneer tocieale m indindaal 
390kliz 24-bit si^al tcxr each of the 256 transduoer elements. Hie apodiaadion or 
air^ ^Kslure windowings may optiomdly be perfonned after tbe "wnm ing stage Cbr 
aJ I of the channels at once (instead of im each cbamiel separate, prior to the 

25 suamingatage) for ainipiidty.bQtm this case each sound beam ootp^ 

digital sound projecbxrwjU have tbe came window flmctiom which may aot be 
optinuL 

Tbe two hundred and fifty-six signals at 24-bit and 3^3kHz are (hen each 
passed duough a quaotudng/noise sbapog circuit aJLso in the FPGA to reduce the data 
30 sample word lengths to 8 bits at 39QIdrIz, whilst maintaining a high signal-uvnoise^ 



(83) 



-42- 

iBiio iSNEL] witfcin the audible band O-e. the signal JSrequeocy band fiom -TIClHz to 

A usefuJ implcnic«tatian practice is to make the SSC be an exact i^oiuU 
Qnmbc? fraotioD of tbc DSP master-procc8smg^io<* speed, e.g. 1Q(^/Hz ^ 25<S - 
390^625 Hz ^cii locks sample data rates (hrougbout the aystou to tlieprocessiag 
clocka. R is advezttageous to make the dig^al PWM timing dock fi^qofioey alfio an 
exAct Tatioiul oumber fractioa of the DSP mastariirooeHing-cIock ^>eed. ft is 
apecificaJly advaategeous to make dw PWM clock Snsqucocy ac exact jjitogor 
muhiplo of the isiiama] digital audio sample data. mle. e.g. 512 times the saoiple raie 
•for 9-bit ?WM (because 2» ^ 512). Toe rednctioa of the digital data woni-lsngth to 
8, wJiile simultaneousiy iricreasaig the saoipfe-rate is ase&l lor seveniZ tcwona: 

^ The incieaaed sample-iate allows finer feaolntioii of data-word delays; e.g, 
at 481CHz d8l»<rate. the smallest delay incremenl aveslabld is I sample peritKL 
or -21 microseconds^ whereas at I95KH2 datu^e, the aniaUest delay 
incremcDt available is (1 saoiple peiiod) -5.1 microseconds. It is iTnportBfitto 
have 80UiMi>paih-lesetb compensatioQ resolntiQn timeHSelBy reaobilioa 
times speed-of-sound) fine compared to acoustic ou^t-tranadncer diamets. 
Ih 2 1 uucEoeKonds sound in air at NTP ttav els aj^proxiniatiely 7nim, T^cb is 
too coarse a resolutioB when nsingtraosducecs «s fiEoall as IQoun diameter; 

ii) It is easiar to convert PCM data dijrectly to digital PWM at practical dock- 
speeds when the word-Jengdi is small; e.g. 16-bKt wosda at 48Kfiz data-iate 
require a PWM clock speed of 65536x 48KHz -3. ISGHa (l^rg^y 
iiopracticat), wboeas fr-lHt woids at IPSKUzdata-iaie reqoiie a PWM clo^ 
speed of 256 x 390 KHz 1 OONCtz (quite ptactical); sod 

ui) because of the iiici ciuaed sample rate, tfaece is an increased available signal 
bsndvvidlb al half Ibe sample zate^ w> e.g. anrsilable sigiul )>andmdth -J^GSJiz 
&a a SBinple rate of - 1 the quantizatioii pcooeas (redudioa in munber 
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of bits) effectively adds quastizfltiQa noise to (bt digital data; by speclraBy 
shaping tfae noise imodnoed by the quentizatioii iirocess, it cm be 
predominandy moved to the fieqacncies above the bwobaod sigiua (i.e. in ocir 
cue Above -iOfCHx), id the legkM between Ihe lop of the baseband 
5 (•>«>20KHa and < avidlable siscial baadsvidtfi ~ 96KHz); the eiTcct is tbaf 

seaiiy bU of Qic origioal sigoal iofonnatioa ie oow caoried in a distal data. 
sfreum with veiy Httte losa j& SNR. 

llMdatasfieaxavithxeduced sample word width is distributed ia 26 serial 

10 ' data atKamsBi 31 .25 Mb/6 eacb and addiliooalvoliiixie data. Each data 
assigned Co oae ojr26 dhver boards. 

Tte driver cifcuit boanis, as shown 'm Figure 25, which m« prelsrabiy 
physically local to ifac tiamduccrs they dnve, provide a pulse^width-niodvlated class- 
BD oHfpiri driver emctiit foreach of ifae tmasducera Hiey control. In diepeaeial 

IS e3ianq>Ee,eaGb driver boards is coooected to teotnoBdoeen^ 

. are directly connected to the output of Ihe class-BD output driver drcuitB witboot any 
infierveaiz^low-pass-iilter [LPF}. 

Bach PWM genemor dnves a class^D power switch or output stage which 
dicecUy drives one iransdncer, or a acnes-or-paraQetcoitziecied pair of adjacent 

20 traosdoocffs. The supp^ voltage to tte claas-Dpowcs^Eivniel^ 

adjusted to contnrf ifae outpm power level to the traoadacers. By ccmtntli^g Qas 
st^ply voltage ovsj a wide nmge. e.g. 1 0: 1 . flic power to the transducer can be 
controlled over a lauch wider renge^ 100:1 for a 10. 1 voltage range, or in gcnetal 
N^;l for an N:l vohage range. Thus wide-isnging level control (or **vohnne'* cozdrol) 

25 can be achieved with tm rcdwaian in digtta] worS leogth, co no degndatkm of the 
tignal due to ftvOisr qaantization (or loss of resolution) oocurs. The supply volt^ 
variation is peribnned by low-loas switobiae regidatois mounted on die same printed 
circuit boards (PCBs) as the class^D power switches. There is one switching, 
regulator for each class-D switch to tmniouse power supply line inic-modulation. To 

30 reduce cost, each switcliing regulator can be used to supply pairs, triplets, quads or 
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The dass-D power swilch«9 or ouiput aagica, directly drive Ihe iDfRistic 
outptil transducers. In oonsal claas-D powear ampliCw drives, i.e. ihc vezy comroonly 
used so<allcd ''oUss-AD" amplifiers^ it is necessary to place an electronic low-pass- 
5 Sltar [LPF] Ounvatiably, an analogue cla^anic LFF) between tbt clas&^ power 
atege asd die bansducer. This is because the commooi fbnus of magnetic traasdocer 
(and even more ao, pidzoelectric tnmeduccrs) present » low load^uipedaDce to tbo 
high-frequency PWM carrier fnscjnencies present at high energy in class-AD 
mjp&Ber onqtms. B.g. a cIas9-AD aipplillcr wifii zero baseband input signal 

to ' contittues to produce al its output, a full mplitude (usuaUy {npolar) 1 : 1 martC'Spocs- 
ratio [MSKl output signal at the PWM switching frequency (tn Ihte praseal case this 
would be At •-50 lOQMHzX 'f^cti if oomiecGed across a fiomi^ 
woold dissipate fiiU available powo- in that load, wbilat creating no useful acoustic 
output sipisl. The cosunonly used electronic LPP has a out o£r fiequency above tbe 

15 ln$hest wanted sigoal output frequea>cy (e.g. >■ ZOKHz) but veU bek>^' the FWM 
switidiing frequency ( eg. -50MHz>, tiius c^Tectively Woddng the PWM carrier and 
mmixttiaing the wasted power. Such LPF& have to transmit the fhll signAl pofwer to 
the doctricaL loads {e^g. the aooraatic tiansdtwefs) with as low poweE<-lD» as possibt^ 
usQ^ these LPFs use a raininuim ottwo power-mducUm and two, or more usually. 

20 ibree cajiacitors; the LPFs aro bulky and relatively cxp«Jsivo to build. In &xig}e- 

channel (or few-chaaacl) ao^lifieis. such LPFs cac be tolerated oa cost groundfl, and 
most importantly, in PWM aznpllfi^ housec separately Srom thnr loads (e.g. 
oonveaUona£ loudapeakera} which need to be connected by pota>(iaI(y iEong leads to 
their loads, such LPFs ate in any case necessary ibr quite different reasons, viz. to 

25 ^offtsA the tdgh^finequeocy PWM caxri^ getting izdiD the connectins leads wbxxo it 
will most likely cause unwanted &tny elcctroaiagneCic xadiatioR [EMI] of relaiiTidy 
tdjjj^ an^tlihide. 

In the digital sound prelector, the acoustic transduccre ace connected directly 
to die ptysicj^ Jy adjacent PWM power stritohes by short lettb and all use housed 
30 within the san)ecDck»uie,eUinittatiQsULe problems of Bh£L In Ib^ 
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proi«ctor, Oie PWM generators are of & type known as dasfi-BD; tsesc produce class^ 
BDI''WMngnai5 whidi Aive the oittpul power swilcfaesaixidiasem turn drive ti» 
acoustic ouiput traosduoefs. Clan-BD PWM output ngnaJshave the pnipetty tiui 
&ey ratum to zero between tbe fkiU amplimde bipolar pulse ob^uts, and thus are 
5 tristate^ not bistale like qI»ss~AD signals^ Thus, when die digital input stgnai to a 
clas3-Bt3 PWM syston is zero, then tba class-BD power output state ia rcro« and xMrt 
a iiilI-pow«T bipoior 1 : 1 ^^SR signal as is pnHluced by class- AD PWM. Ttau the 
cl8S9-BD PWM power switch delivers asra powex to the load (the acoastic 
transducer) In this state: no LPF is required as there is no fiiU-power PWM caxrier 

10 ' fiigna} to blocie. Thus in the digUal sound projedor, by udng aa may of class-BD 
PWM amplifiers lo tkivc directly an integral anay of txansducexs, a gr^ savins in 
cost, and io5t power, is achieved, by elbniQaiij^^ the nt^ for m army of power LFFs. 
Clasfr^BD is noely used in conveotiona] aodio arapGSers^ inrsliy becauae it is more 
difficuU to nuke a voy high linearity cl«as-BD an^lifiw, tlian a similaily linear 

15 class-AD amplifier, and secondly beeanse fix- the reasoms stated above an LPF is 
geaerally requirad anyway, for BMl considesvtions, thus ueg^ing die principal 
benefits of cla8s-BX>. 

Th» acoustic onlput txansducos ^emselvcs are very e^fictive doctroacoustio 
LPFs and so an absolute mioimum of PWM canter fiooa die class-BD PWM stitges is 

ZO cBzotted aa acoustic energy. in die digital sound pn]^ 

lottdspeafcer, Oe oombinalian of class^BD PWM wilh direct coupling to tOrttie-samB- 
box acourdc titmdncers and vsntbout electfonic LPFs, is a vuy effective and cost 
effective soVution to bigh-efiici^cy, hjg)i-pQwer> multiple transducer dcving, 

since the sound of any one (or more) output chaonels corrosponding to 

25 one oftbe input cheniielsybeaid by a listener to ^dtgitai sound picje^ 

sonnnation of sounds fiotn each and every one of the acoustic output transducen and 
thus x^lated to a winnaation of the ou^xits &om eadi of tise power-anqjIiSer stages 
driving those tranadocecs^ aon^systemaljc eimn in "die ouipnte of the power swilches 
and transducesrs will tend b> avRage to zero and be wimimally aidlble. Thus an 

30 advantage ofthe anay loudspeaker oonstructed as described is that it is more 
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SnSiviiDj of the qatSfy of iodhidiMi ooanpoomts, Quu in a coovBiitiaiial iwn-«iay 
audio systetD. 

In a particuiar ixnpl^eatation of the digital souod projector witfi 254 
acoustic output transduces amuigad in a tciangular oxreor of ioug}ily rectaD^ular 
5 extent with ooe axis of the array vertical (and of extent 7 vexttcal cohinuts of 20 
Iramdvoeis each 5«pa»led by 6 cohmm of 1 9 tnmsdbcas) and wiUi evoy seooad 
QUipai tiAiudDcer in eacli vcriwal cotunuiof Cransdticcn connected etocdfeaUy ia 
aenos or tn {NuallDl with tho ti-assducor imzuediaioiy bek>w it, Uns results io one 
hundred and fhiity two (132) dificieot vwsiore of eadi of "die chazmals, tho mmibCT 

10 ' of chaimeSa bciiig five iD this exi&nple4-e.. six hundred and sixty chsnnebi in total A 
trensdocer diamettx atnall ovn^gh to ensure tppvojomeffily onuiidiiectkinal radiaiion 
team the transducer up to lu'j£h audio fiequencies (B.g. > 12KHZ to TSKHs) is 
inqyoitant if the digital aoond projector is to be able to steer beaim of sound at mail 
angles Aom fbe plane of Qw transducer array. Thus a transducec diametK of between 

i 5 Siam and 30inai is optiinunT &r whoic oudio-baod coverage. A transduccT-to- 

tnuasducer q|>adsg smaH conrpared with the shortest wevetengdis of sowad to emitted 
by itie dlgitid &otuid piQjeclor is demrablc to miiunase the genmition of "^nriouft" 
aidelobea of acoustic xeditfiQn (i.e- beams of scouAic enKgy piDdnced inadvartegotJy 
and not emitied in ihe desrrsd dnvcition(s». Ptadical consideratiaBs on possible 

20 transducer sizfe dictate that (ransduccr spaciiig in tlw range Swan to 45miii is best A 
triangular array layout is also best for hi^-areal-pacicina dOTsity of transducers in 
the airay. 

As iihistrated by Figure 26, the digital sonod prcgector user-mter&ce 
psodttcea cverioy g^Mcs fyt tm-screen display of setitp^ stslus aad oootrol 

25 infoiQiatun, on saxy suitably coonocled video display, e.g, a planna screen. To tins 
«od the video sigoal frwo aay connected mtdso-visual source (e,g. a DVD player) 
ijiay be locked througb the digital sound projector cn route to tho di^lay screes 
-whiere the digital sound projector status sod cononaad ini!bnnatio& is ihen also 
overlayed on the prospwnane video. Iftfae process delay of die agaol pxocessiQg 

30 opottima fiom end to ead of tiie di^^ sound projedar are anffidcntly long, (e.g. 
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whett the ieagth <yf the compeosatioD fOie tunning oa thfi fixal wo DSF& whicb 
depends oa ihs trazudvcer Isn^irity and 4ie tttuelisaition required, is kms) flwn to 
avoid l^>^ync probicxns, an ciptional video &anie store can be itKOrporated in Ibe 
loop-timou^ video path, to rB-ss^chranise the disph^^d video uvith fhs output 
5 wiak}. 
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CLAIMS 

1. A metibod of crcafusg asound axnprising s plaraliff of (dnnotis 
of soimd using an array of octpttttzansduicers, said me&od oocnprising; 

5 for each chanoDi, selecting a iarst delay value in mpect of eacib ou^t 

ti«asclttc«r, ssid fixst delay vftLue being chos«n in aoaaidwxc with thepodtikxim Qa 
array of ttie reqiecthre tnnwUioer; 

selecting a saoood delay v^thie for each dumwl, said second delay vatoe 
bang cboMix in accordance with the expected tiav^ng distance orsound waves of 
10 'diKtduittielfiom saidarray toaVifltenet; 

obbuning, ia respect ofeacb outpot traiuducer, a delayed tepiica cfa-slgpal 
rqjireacntiiig each chansd, eoc^ d^yed n^Hcabdng delayed by a valine hKvmg a 
fii9t ooo^ooeDt oon^pnsbg eaid delay vate 
cotin]»ismg said second delay value. 

15 

2, A m^od according to claim I or 2» wherein said second delay is 
apptied to each signal r^res^ting stdd chsme! bofore said aigrud is Tepljcated; eac^ 
iiephca then being delayed by (tit respective Exsi delay value. 

20 3. A method accocding to claiin I or 2, v^wreiu said first delay value is 

alao cfaoaen in accordance with a given ditectioR so that each channel of sound is 
diracted in ze^ecUve directioc 

4. A melhodacooiidmg to claim 3. whereiQ each choimel is directed m 
25 dljBbe0req>ecti.vedizccti«i. 

5. A uiidtiod accordlog to any oae of ths preceding cUixaa, wbenin said 
aecoud dck}" vahie is chosen socb tha^ cosrespondfog parts of all sound duom^ 
xeat^ the listener at substantiany tbe same time. 

50 
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AppsDttuE for creating a souad field comprising: 
& plurality of inpots fox « phiEiAity of respective ttgnab Tq>resenliBg cUflbcent 
sound cfauuKilsi,- 

an my of output imuducets; 
5 ri^Itcaticmniean& arranged to obtain, ia respect ofeadtouqy^ 

Tsplica of each re^tccttve input signal; 

jfust delay means arranged io colay eacb replica of each si^nol by a r^pective 
Srst delay vaHie choEen in accordance with the position in the zmy of &e tespectlve 
output Iransduccr; 

10 ' second delay means anangedio delay eacbc^Ucaofeacihsigxi^ by a secof^ 

dday value cboseQ for each channel in accordance with Oie expected travelling 
distBDOs of sound waves of that clwEmel fiom the my to a ftihaa. 

7. ^f^pazatiis AMMdiiv to cliim 6, wberein said aeoond delay nuang is 
IS anBOged to delay aaki input signals be&re they mieplicti^ 

meaos, 

8. i^paratos according to claim 6 or 7, wbenan said first delay vaKie i& 
also cboaea tQ acooidance with a 0iv«a duectioa 9o thai each e3^^ 

20 dixectedinsaftdmpectivedirectiafn. 

9. A^eratua according to claim 8, whentn each cStannel is di^ 
differftot dii-ecticn. 

25 10. Appsratna according to acy one of claims 6 to 9, wheran said second 

delay meacs It anss^ied to chooss said aocMtd delay Sot each channel such that all 
acrand daanoels reach a listener ai jni^^ 

11. A method of creaticg a sound field compiish^ a centre channel axul at 
?0 lease one 5unp(»sid sotand channel using an array of output traosducera to direct fiie at 
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leasl one auirciuixl sound channel in a pndeienmned ditection^ said melhotf 

Corfbsal least one sun-ouud «outid <AaxKtc\^ leiectins a firrt delay value is 
respect of each output bwi8duc4ff, sdd first delay valuM b«ag 
wilh &e position is the any of QieTespecftve transducv bo as to direct die chanoel 
in said piedetsnnined dirocfion; 

sdectlsg a secoad delay value for Ibe centre channel, said aecood iklay vatoe 
beoig choses fn accoidance -wiOi the expected travelling distance of soFund waves of 
the channels fiom tte anfty to the lisfener; 

obtainix^g, in reject of each oul|>ot tnuisducer, a ddayed replica of a signal 
repiesentiDg the at least qos sarrouod sound chamicl, eadi delayed r^iica being 
delayed hy t3ie first delay v^ue calculated for tiiat octQKit transducer and tbat ciunoel; 

oblainiag, in respect of each output transducer, a delayed rapUca of a aignel 
representing the ce n tre channel, each delayed replica bdog d^^fed by asld second 
ddey value; 

ovUpucting said delayed Teplicas using said array of output transducers. 

12. A method according to claim 1 1, further cotmprising: 

Sot 6us centre <^bSQD<^ selectii^ a first deAty value in re^wd of each output 
txanaducer, said first delay values beiQg chosen in accordance vnlfalhepositiaain the 
array of die respective tFansducer so as to direct &e centre diaanel in a 
piedstonilncd dircctk>a; 

and wher^ said step of obtaining, in respect of eadb oudlput tran&duoea-, a 
decayed replica of a signal representing the cectre channel iurlher cozapiiscs: 

deUjd^g each leplica of the signal representisg said centre channel by the 
&sf del^ vahie colcnlated £br the respective oB%>ut tnnsdueer end the centre 
cbanzieL 

13. A method accoirii/^ to claim U, wh««inn5>KcaB of the signal 
represcidxag said centre channel are not delayed by values other than said second 
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dday value, said second detey vaiaps bong the same mr cBCb implicit of die szgnal. 

14. A mclbod. occctrfiing to any ono cl aims It to fbrthcr comprising; 
for at le&st one sorroand 5ocad chsnueU s^lwUng a secmd dstey v^dud in 

$ respect of each oii^m timsdiic«r« seiddTCozid delay value bei^ 

accocdance witK (he expected traveliisg distance of ao\ind waves of the cbsoiuds 
from flio array to (he tislenen 

and v^erein said step of obt»ua]]& ni xeapect of each output taraasdscer, a 
delayed cq>lica of a sigr^al rspresootitig the at least oce smround so^iDd dunnel 
to ' foflher ocmjprises; 

delaying each replica of the Bignal reppesenting said at least one smroimd 
soond channd by (be second delay value calculated for ibe ieQ>ectivB 
tian&ducer nndthe alleast one surround sound chamel. 

15 15. A iD^od according to anyone of claims 1 1 to 14, whc:^a said 

second delay is 8|>pliod to cacb signal repvesecting said oeiztre channel befoiv stud 
signal is leplic^ed. 

15. AmeihodacG<udi&gioanyoiWDfcluin8lltDlS,wfaae9nsaidB 
20 field compnaos two sutrotind souod dunmels; eadb «intmod sound cbanneJ bdng 

directed in a differonl diroction. 

17. Pl method accordias to any one of claims U to 16, wherein said 
sooond delay value is ehosensncb tbatcoiretpoad£Qgp>rtt of ^1 •oundehanoek 
25 nech the listeoer at aubstaottally fhe same time, 

!8. Ame&odacoordijDig to anyooeofclaiixu II to I7j 
delayed lepHcas of the sagiial lepreseating the at least one sunouod sound chanaei 
ere added to te^vective debgred nplicas of tbe algn^ representing the coitre chaunel 
30 be&iebemgoa^utbytbere^yeciiveottqniltXBoadtfcen. 
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19. A m^hod according to any otie of claims 1 1 to IS, wbeiriB ibe sound 
waves of said at least one surround sound chaimel are bouoccd off a sur&ca such as a 
-wdl befcne ceacbing the UstBser. 

5 20. AppsatiufiM-creatiogasouadfieldcQnQni^^ 

means fof recedving a pluralify of iiqnit aigDeis Fq;>reseoting e£ leaat oa« 
suDtniQd sound chaonel aad a centre chisoel; 
an array of oitqput transducers; 

Tq>hcation means amazed to obtaan. in respect of eacb ooiput tratuducer. a 
10 ropticaofsaklagaalnqffeaeastiDgaaidMteaAtoflesut^^ 
lepika of said rignal rqure&entisg a ceoire cbaonej; 

firai delay means acrenged to deby eechieplicB of aaid signal rqnesading 
said si least one surround soimd chsnne} by a is^Ksciive Qx&i delay value diosca in 
accordance ^th Ihe position in tiie anay of the reapective fruasducer so as lo direct 
15 the channel is a predetmnixied dircctkm; 

aecood delay means axranged to del^y each rtpMca of said signal i^moslinc 
aald ccQize cfaaond by a secoiul delay value dKuen in accoid^ 
traveUing <BstfBice cf aoond «afvea of tile channels firani the Bir^^ 

20 21. A|ipantus according lo claim 20. 'whereiQ said first deUy meoos is 

alao emuLged to delay each rq>lica o/aaid signs! rq>tesGnUog said centre channel by 
arBiq>eotive &9t delay vahie chosen in accofdanoeiwiflitZfeiMMitioam 
thcTc^ei^ve banaducer so aa to dizeot the cedidre cbamiti in apredeten^ 
direction. 

2S 

22. AppazatttS accordiQg to claim 20 or 21 , whai?eiQ. said second delay 
meana ia also airsogedio delay each cef^oa of said aignal lepzeseatiias said at least 
one surround sound channel by a leapecHveaecoud delay value chosen in accoidatsce 
ihe expected inrelliiig distance of sound waves of the chamela from the array 
30 to aie Hatener. 
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23. Apparatus accordiug to any one of chuma 20 io 22, whenaa said 
second dfibty means Is arranged to delay mi input sigiu^ 1>efore As^r are Tepiicoced 
fay said tei^iotion means. 



5 24. Ai^paralus accoiding to any one of clsdms 20 to 23. whenhi. said 

ttound SbW comprises two nsrofund awod chamielB, sod said &nt d^ay means is 
amttigBd to cause sadi surxound sound ^ienn€d lo bedtrected ia a diSensat diiection. 



25. Apparatus according io aay one of claims 20 to 24, vijoraja said 
10 ' secwnd delay means uaireivedlo cbooso said soccuidddbyl^ 
dxu an soortd channels reach a Jistener at subslaatially the same time, 



26, Appisratiis Accordiog to ooy one of claims 20 to 25, wtierem said first 
delay mesas and said second delay sieaos are the same pliysica} means. 

15 

27. AraotfaodaccoidisstoaDyoHeofclaixnsI] to I^waoai^paxatQS 
acootdbg to any one of cteuos 20 to 26, wfaerein said oii^}U( 

drtvcc by dass-BD PWM amp&JGen. 



20 2 S. A method of providing tetaporal c(»res{>0]2d«aico b^ees pictures and 

sound in an audio-visus} ineseiitation csing an anay of eu^iut transdocws to 
Tcprodoce the sound contenS eoEupnang aphmfity of channels, said mdhod 
cooiprisins: 

delaonog, in raqpe^ of eadi ovitpot transducer, a replwaof eai6h signal 
25 lepiesQiiting a sound channel by a raqtectivc audio delay vaJue:; 

delaying a video signal liy a video delay value calculated so corresponding 
video pictoTBs are displayed « subi^aniully tilie time the tanporaDy con«qM»iding 
sound dbazmels reach the Itsteriv. 

30 29, A method aocordins Io ckam 28, ^^^lersin each audio delay value is 
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c«lculated m aocoi-daac« with fbe position 'm Qw anay of flu Tespective tnosduoer. 

50. A meChod aocoFding to cbdm 29, wbardn each audip dt^y vbSsob is 
also calculated in accordance wilh the oqpected trsvcUo^ dtBtance of sound wsvn of 
S thBldunnwI fiofa said emy to aStsfencr. 

31. A !ndliod«ocotdiagtoc1anfi9C^,wiMzem«ach audio 

calculated such thai temporaUY coirespODding parts of each soiind funnel reacfa Iho 
lutener at substantially (he some tisie. 

10 

32. A DKtbodsKXoniing to 01^ one of clfthzu2S to 3 1, wfatttins^ 
delay value is caf culated so as to have a eompomenl equal to the time taken fn ibe 
sound chsnnd bavmg the greatest distance to tm'cl between said aitay and said 
listcDor to travel bctwera said airay and said listeaser. 

15 

33. Apparatos to pnnnde temporal comapondence b^eeo pictures and a 
phtnOity of sound chaxtnete in an sudto-visoai pcosentation conapdsing: 

an anay of ontput ttaosdocera; 

Rplicadon and delay means atraaged to obtata> to n^ect of «adi outptit 
20 transducer^ a delayed replica of each si^uii repz«senting a souiwi cfaanusi; 

video delay meaxts amBged to delfQr a coaesponding ^ideo signal by a >ideo 
deJay vftliie cBli»iIated so ctareaponfing video ps^ 
tlie Cone die temporally couespoadmg sound dianneds teach iMimer. 

25 34. Appax^lus according to daim. 33» whes:^ said r^Ecaticm and delay 

ineans is sranged so that ^ch audio dela>« valtK is catculated in aKoordaoce with tiM 
positioa in &« ansy of OieTaspectivetraaedacer. 

35. Appatatua aconx^nft to claim 34, whecein said lepKcation and delqr 
30 meana is anai^ed so thai each audio delay value is also cakniatod in accordanca 
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wiAi Aw eqiectocl teiveUing distaste of sound WKves of HasA ciuumel Snoi said aniLy 
to ft listener. 



36. .^aralua according to claiaQ 35, whoreiu said /^plication sad delay 
S means is an-angsd teo iitzi each audio dday vahse is calouLded such that tonporaOy 
cortespondixig ports of eaclisomididiianael reach Uie tistsQer ai subslfodiany the saa 
time. 



37. Appflxatus aoooniing to cfauois 33 to 36> wharmn su'd video deb^F 
10 ' means is arranged so ^at seid video delay value is calculated so as to bo equAl to the 
time taken for die sound channel baring die greater distance to travel betweea said 
anay ood wid lislenar to travel between said array and «aid listener. 



38. A method of cavatiog a sound fieJd cojuprising a plurality of channels 
IS of aomid rising ac array of output transducers, said method comprising: 

Sot each chnnseJ, obtaining, in respect of each output tnmsducer, a replica of a 
signal Tejpnsea6ng, said chaonel so as to dbtua a aet of replica ei^iBte &r eofds 
chaonal; 

applying a first window Aaction to a first set of r^fica sigoals origuoating 
20 jEmin a &st sound chancel sigu&l; 

ai^iyiqg a aecoixl. diiferent, window Aisi^ii to a second set of replica 
sigoala odgitiMbiigfiant a second sound channel aigoal. 



39. A mediod BecordiDS to citixa 38, wherein flppl^og a window Amction 
23 comprner. 

anoiuating or anq>hfydng each r^iica signal saf±. tiiat replica ajgcafs destioed 
ibr output tranadQCOTB near fte centre of ihe array are sttomtated less or aniptified 
more thaa replica signals destfbed Bar ooi^nt tmnsduoas aan die edges of ti^e artayi 
the amoQiii of atteouaticu or ampUficatiaii being detexmjned by s^ wiodow 
30 fioactioa. 
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40. Ameih<4accoidmgU>claim38oT39,wher8indie«^^^ 
used is selecte;} is acconSaace with how fbo se^ctive sound chsnoel » <Mf|rat by 0ie 
nray. 

winitow toclicm used fe eefocted io «cc^^ 
channel, 

42. A motliod accozding to any one o/daims 38 lo 4 1, wberan the 
] 0 ' window fimdioQ used has a shape altemble as a fbnctioa of a volume controi. 

43. Apparaiiw to create a aouad ficM mnqirisfaig a phmlity of chttuals of 
sound, comprising: 

an aixay of ou'^nt transducets; 
^5 rq>IictfioiiTtte«M to providing, i» respect of each owfprt 

of a signal TepmBrvtsng each of said islwality of chanoets; 

wjndovnng means for applying a firal wiodow jnnctiuon to a first «t of taijljoa 
signals originaiing ftom a first sound chamwl signal and fbr aj^]yii»g a eecond. 
diOereiit, vondov function to a socomd set of replica siguals ongiDaling fiam a 
20 second dbanoel signal. 

44. Appacatm acoordSng u> claim 43, wbecsm said windowin; nmaoB is 
erranged to aajemiate or aofldify each replica signal such that i«pUcB stpuls destined 
fbr output ixacsduceis near tbs ccatse of the airay are attenoaJed less or an^lifled 

25 more fean replica signcls dosfcied fct outpnt traasducors naar ibc edges of the szTBy, 
ihe amount of attemiafion or amplificaUon b«ng detemiined h>' said -window 
ftmction. 



45. A|)pBatucaceonljngtoc1aim43or44^vhecelnfiaadwind^ 
30 means is ptovidoddiwdiyaficar said repBcadonm 
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46. Appanmisa(»H»dingtouy (»eofclfliins43to45.«^^ 
viadovmg tosaas is arranged to select > window fimcHm in aoconfance with a 
nqtared beam type for that cbaoBwt. 

5 47. Afiparatufi 8ccx>idmg to any one of clamu 43 to 46, -wJifliein the 

window AncUoo applied to aaot of cepKcoa ofRginatiDg fiom a aigasj f ^ w a e a ti ag a 
cbasmsl is sUcred ia ifi acondance with ttss volume selected for said chsmid. 

43. A method of creatiag a swaA jiold osj'ag an arey of output 
10 't£ansduc«n.saidtnidBK>dooin^mui8: 

dividixig an uaput atfnal into at least a low fiequeocy ooaqwaetJt and ah/gh 
fivcfuency ooaxQioiiBnt^ 

luntg output transducer spaonisg a&st pQitionof ibfi any to oulputaaid 
low frequency coxmpoQCZi^ and 
15 using ou^>ut trsneiducers q^anniDg a aooood portikm of said amy amallcr ttian 

said first jmilion to output itud higti fi«i|uency ooinponeat 

49. A mettKtd accunfing to cinm 4S. wturein said aeooi^ 
ooo^ses a subset of said output tfassducers located near Out centre of the array. 

20 

50. AnvBtlM>daccord»ngioc1ana48or49, viiiereijitlMnm 
divided «gaal fregueacy cocnqpoiKois and tfae poitioa of die araiy used kt a agnal 
ooQqxmeot is determined sod) that die ratio of (be afaaftestwinrBleiiglh in said agnal 
oompoReot to the pottion of iRBy used to oirtpat saidaisnal ccanponanl is 

51. AmetfaodBccotd£DgtoaayoneofcIaiitu4ScoSO>wtieieia8«id 
seooiul poit»» of ^ anny wed lior said high frequtafK:^ 

«dd low fteq^iency component 

30 
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52. AziiBfiiodaccoidiaglDanyoi»ofc]aini8 4StoSl»v^^ 
second portion of&e anay usedlbrsaadbii^finquesscycoaqioiMiitecn^ 
giMler deouly of ou^nit tEansducen fluuiihe amy as a wboleoo avoragp. 

5 53. AnappandusanangedtoperfixiaOieiiiediodBccoidiiigtDaayon^ 

ctaiou AS to 52. 

54. AppttcatQs for creating a soirud fi^d comprismg: 
an array of on^jut tnuj$ducflrs wberein in a iust aroa of tb« acray tbe output 
10 • tiwduoets are morr dexiselypaobed than in the remainder of said anay. 

35. Appartfas aiwocdmg to claim 54. wfaerem sai^ 
sutMtantiaUy at the centie of the airay. 

1 5 56. Apparatus acoordins io clsim S4 or 5 S« -wherein the output transducers 

in aaid first area are less powerful tlun the otttput transducos in the remnindor of ttie 
way. 

57. Apparatus According to any one of claims 54 to 56^ vtlierab the oaq^nt 
20 transducers in said &st area sre aniaUer auD Uie oul^t iraoaducen m 

of theanay. 

58. Appnretns acoocding to any one of claims 54 to 57^ fiirthcr con^iiaDg 
ovans for routinB a his^h. £reqt»iicyconiponemofasisDaltoscddiuret areaoflhe 

25 array, but not to fhe raosinder of tbe air^. 

59. i^aratus acoordiiig to any one of ckums 54 to 53» Anther comprisisig 
Biesus io route a low finquenoy oomponciits of a aigaal to tbe remsiDder of tbe array. 



30 



60. AnaziayofoixtpactsamsduceiapoaitioQednsxtt^ 
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wbereitt each of said ou^J\lt transducGrs has a diiaeiafiton in the dixectian 
peipendiciUar io saM line larger flian tha 43anei^^ 

CI. An atray accorclmg to clatm 60, wherein each output banaducer lias aa 
5 aspect latk) defined as QiB ratio of the dimension pcq>eDdic^^ 
dimensiQO parailsl to the htt» and said a^ect xaUo is at least 2: 1 . 

62. An uiaysccocdiiig to cUim 61. wherein said aspect ratio ia at least 

3;l- 

10 

(S3. An anay aoconling to any one of daizns 60 to 62, wbercin said 
acrangaoaent is such that sound is copcennated snbctantially in a piane containins 
said H»e and exlendaag peipeDdicuburliy aw;^ firom the sound eauttiQg mSe of said 
traDadocers. 

15 

64. A method of causing plwal input ng^ials vqireseniling rei^ective 
(dtaintcls tc ^^lear to emanate fitni Feqtectivedi£fensi]t pori 
meAiod oonqHising: 

fHOvidiDg a wimd RQective or nsonant surfiue at each of said positioRs in 

20 ^Mce; 

providing an array of o\i£put transducers distal from said positioDB in ^Bx:e; 

and 

directing, using aaid anray of output traosduceo. aound waves of eachcSunnel 
towanla die leqpecriive pontioa in ^ace to cause aaid sound wav 
2S trBDaDsitted by said leflectrve or reaonsnt surface, said sowidwaiwben^ 
a posMzon in space in &oiit of; or b^iind, said leflfictrve or resonant sutfice; 

said step of directing co0^>ri8ing: 

<ihtainirig, in te^^Msist of each transducer, a ddacyed roplica of each input signal 
delayed by a leqieclive deby aelected in Booosdaoee with the position in tl^ 
30 the respective transducer and scid TOi^>ectiYC ibcnis position such that the 
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atmoi waves of 4wclia33BelBre directed towards dioibciujjos^ 
channel; 

sttmnung, in rospect of vach. iraDeducer, &.e respective drtiyed lepUcM of 
each input si^ial to pro^c« so ouiput sigaal; and 

routing tbe Qi%vt Rgpala t(> &e respectn^ tni^ 

65. A xn^iiod according to claim 64, vi^ltaem 

raspeet of eadi ou^nit transducer, a dcia^'cd replica of the input signal comprises'. 

r^lioating said input Gignol said predeieiTniiied nunnber times fo obtain a 
' nsplica signal in respect of each outpottraasduccr; 

delaying each replica of aaid input tignal by said respective delay selected in 
ascordance with tfie position in the array of ffie respective oqtpuc tzansducer and fiie 
desired positioin of locus. 

66. A roothod accordtxig to cbizn 64 or claim 65, further ootapiismg: 
caJcu)atisg» before said delaying stop, tbe re^Msctcve ddays in zespeci of each 

ii^ul Signal replica by: 

det4:nuning ^ di stance between each output tcansdocer nd the focw 
position in respect of thai input signal; 

deriving respective deby values such that (he aoimd waves fiom each 
transducer foi a single chmuiel anivQ at udd fonts position ia spict sinwtteneously. 

67. A m^hod aocordjog to ajty one of claims 64 to 66, whieiein at least 
one of said sur£kcefl is provided by a waB of anxim oiotherpeimaiieatstnictiuie. 

6S. An SQ'paraiCuafbrctnismg plural iiqjutaignidfire^ 
channels to appear to emanate fiomze^Mctive different pomUoos m apace, said 
q^pazstus coanptTsing: 

a sound reflective cr resonant smfoce each of saad positiQns in space; 

an amy of oii^ tnusdnceni distal £mm sud fmsitiQiis in space; and 



(102) 



-61- 

ft coobolloi fbf diiccting, using said amy of <ndpitt tcansduceK, sound wavtM 
of each gJurdoI towmds that cbumcl's nspective position ia space such that said 
sound waves are re-transmitt^d hy said reflective or resoamt surfifice; said sound 
wa\-QS being focttj^ed at a position in gjace in StotA of, or behind, said re^ective or 
5 rcaoiiADt stmVe; 

said cosotrolto compdsmg: 

iq>Ijcada!ii mi delay moans ananged to oMajn, in respect of each tnmadDcer, 
addayed raptica of the infm sHsnal delayed by a jespecti ve delay selected in 
accordsncc the position in the airay of tbe xcspectWe ouipiat tnaodocer and the 
1 0 ' nspectiyc focus position such thai the sound waves of ^ cbanael are directed 
towards £he &cas positioai in respect of that infn/t sigpaS: 

adder means ananged to sum, in rnqiect of eacb transducer, die mpedain 
delayed repiicBS of eadi uqrat sigDal to prodoce an output Bignai; and 

nseans to jtwde the output signda to ifae Tespective transducere such that tlie 
15 channel sound waves we dfzeolBdtowaids the fotiiis position mn^^ 
signal. 

69. Ao apparatus according to claim 68, wheseia said cootroDerfimlm 
oomptises: 

20 calcuhtiozi mescs far calcidalmg (be respeeiive del^ in respect of e«cih 

input signal replica by: 

detemuning tfac distance becweoi each ootpot tznuduoeraiid theibcus 
position in FMpoct of ihai input signal; 

deriving respectLye dediy values such that the sound warns from each 
25 bsrasducer forasm|^clitDuiid8niveiAs8idfbcuspc»tHQB9isnid 

70. An apparatus according to claims 68 or 69, wherdn said suriBcea are 
reflective and have a roughness oa the scale of the waveteogtb of sound Aeqoency it 
ts deatred to diflbsely reflect 

30 
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71. An ^iparams according ID any one ofciiiins 68 1o 70, whe^ 

sarfsces are (^tically-tran^aresit. 

72. An appaiatns accordiog to anyone of clajms 63 to 71, wSiereia at least 
5 ocw of said suc&ces is a waU of a loom or other pennaa^ 



73. A mctbcMcl of selecting & direction in which to focus sound, saM 
mefhsid cowpfisiag-, 

pointing a video Gamera in the desired directioia, using ttie viewfindex or other 
JO 'screen means 10 detenmneifthediiecilon is that desk^ 

calculating a plurab^ of sigaal delays, to be «pphti to a set of repiioaB of an 
input signal so as to direct sound in the seleeted direcdoo. 



74. A Dietbod of delermimiig where sound is dixected, said method 
IS coxaprisiag: 

sutomsticsiUy ai^osttng the ditectioi} is wliidi a video camera points in 
Bccordance with the direction in -evUch souod is directed; 

discaming &om tbe viewfinder or other screen means whieh diiectioa the 
camera is pointing in, 

20 

75. A method according to claim 73 or 74, wher^ said sound is Ibcussed 
and sudcameniis aneoeed to be fbctused atthesainepositioii as said sound. 



76. AncLethod according to daim 73 or 74, whtrein saidaoiiodis fteassed 
25 using Teference points in 43ifi room. 

77. An ^jpar^m for setting up or inonitoring a sound fiddeoaqpffi^^ 
aa anay of output ttmsducers; 

a directaUe video cseuoa; 
30 nieana controllmg said aixay of ou^nit transducezs md said video camera auch 
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tbat Bud video camera poouts in the sanic diTBc^utn as a aou^ 
IG diractod. 

78. An apparatus ac«»diiis to ciaim 77. wbereus said camefa is attached 
to aaid «nay. 

79. AnappvatusaccardrngladabnTTof 78.wtkeri^sau]8Ciu^ 
an-anjged to be fotnissed Bod said i»Jnflra is am^^ 

the same poisL 

80. An apparatus according to claim 77 or 19, wberdn said sound beam is 
amnged to be ibcuased at a reftteneepouii withca the cameta'a field of view. 
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Fig. 5 




i|f ^2004-531 1 25 



(108) 



4/18 
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Fig. 11A 
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Fig. 16 
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